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
*UDSKHQH R[LGH *2 PHPEUDQHV FRQWLQXH WR DWWUDFW LQWHQVH LQWHUHVW GXH WR WKHLU
XQLTXHPROHFXODUVLHYLQJSURSHUWLHVFRPELQHGZLWK IDVWSHUPHDWLRQUDWHV+RZHYHU
WKH PHPEUDQHV¶ XVH KDV EHHQ OLPLWHG PRVWO\ WR DTXHRXV VROXWLRQV EHFDXVH *2
PHPEUDQHV DSSHDU WR EH LPSHUPHDEOH WR RUJDQLF VROYHQWV D SKHQRPHQRQ QRW IXOO\
XQGHUVWRRG\HW+HUHZHUHSRUWHIILFLHQWDQGIDVWILOWUDWLRQRIRUJDQLFVROXWLRQVWKURXJK
*2 ODPLQDWHV FRQWDLQLQJ VPRRWK WZRGLPHQVLRQDO ' FDSLOODULHV PDGH IURP IODNHV
ZLWK ODUJH VL]HV RI a  P :LWKRXW VDFULILFLQJ WKHLU VLHYLQJ FKDUDFWHULVWLFV VXFK
PHPEUDQHVFDQEHPDGHH[FHSWLRQDOO\WKLQGRZQWRaQPZKLFKWUDQVODWHVLQWRIDVW
SHUPHDWLRQRIQRWRQO\ZDWHUEXWDOVRRUJDQLFVROYHQWV:HDWWULEXWHWKHRUJDQLFVROYHQW
SHUPHDWLRQ DQG VLHYLQJ SURSHUWLHV RI XOWUDWKLQ *2 ODPLQDWHV WR WKH SUHVHQFH RI
UDQGRPO\GLVWULEXWHGSLQKROHVWKDWDUHLQWHUFRQQHFWHGE\VKRUWJUDSKHQHFKDQQHOVZLWK
D ZLGWK RI  QP  :LWK LQFUHDVLQJ WKH PHPEUDQH WKLFNQHVV WKH RUJDQLF VROYHQW
SHUPHDWLRQ UDWHV GHFD\ H[SRQHQWLDOO\ EXW ZDWHU FRQWLQXHV WR SHUPHDWH IDVW LQ
DJUHHPHQWZLWKSUHYLRXVUHSRUWV7KHDSSOLFDWLRQSRWHQWLDORIRXUXOWUDWKLQODPLQDWHV
IRU RUJDQLFVROYHQW QDQRILOWUDWLRQ LV GHPRQVWUDWHG E\ VKRZLQJ ! UHMHFWLRQ RI
YDULRXV RUJDQLF G\HV ZLWK VPDOO PROHFXODU ZHLJKWV GLVVROYHG LQ PHWKDQRO 2XU ZRUN
VLJQLILFDQWO\ H[SDQGV SRVVLELOLWLHV IRU WKH XVH RI *2 PHPEUDQHV LQ SXULILFDWLRQ
ILOWUDWLRQDQGUHODWHGWHFKQRORJLHV
 ?

0HPEUDQHEDVHGWHFKQRORJLHVHQDEOHHIILFLHQWDQGHQHUJ\VDYLQJVHSDUDWLRQSURFHVVHVZKLFK
FRXOGSOD\DQLPSRUWDQWUROHLQKXPDQOLIHE\SXULI\LQJZDWHURUKDUYHVWLQJJUHHQHQHUJ\
5HFHQWO\LWZDVVKRZQWKDWPROHFXODUVHSDUDWLRQSURFHVVHVFRXOGEHQHILWIURPGHYHORSPHQW
RI JUDSKHQHEDVHG PHPEUDQHV WKDW VKRZ WXQDELOLW\ LQ SRUH VL]H DQG XOWLPDWH
SHUPHDQFHGHILQHGE\WKHLUWKLQQHVV,QSDUWLFXODU*2EDVHGPHPEUDQHVDUHFRQVLGHUHGWR
EH H[WUHPHO\ SURPLVLQJ IRU PROHFXODU VHSDUDWLRQ DQG ILOWUDWLRQ DSSOLFDWLRQV GXH WR WKHLU
PHFKDQLFDO UREXVWQHVV DQG UHDOLVWLF SURVSHFWV IRU LQGXVWULDO VFDOH SURGXFWLRQ $
FRQVLGHUDEOHSURJUHVVLQQDQRILOWUDWLRQWKURXJK*2PHPEUDQHVZDVDFKLHYHGPDLQO\IRU
ZDWHU GXH WR LWV XOWUDIDVW SHUPHDWLRQ ZKLOH RUJDQLFVROYHQW SHUPHDWLRQ KDV UHFHLYHG
OLPLWHGDWWHQWLRQ7KLVGLVSDULW\ LV UDWKHUVXUSULVLQJDVRUJDQLFVROYHQWQDQRILOWUDWLRQ 261
DWWUDFWV D WUHPHQGRXV LQWHUHVW GXH WR LWV SURVSHFWLYH DSSOLFDWLRQV LQ FKHPLFDO DQG
SKDUPDFHXWLFDOLQGXVWULHV7KHGHYHORSPHQWRIQRYHOLQRUJDQLFPHPEUDQHVIRU261LV
SDUWLFXODUO\ YLWDO EHFDXVH RI WKH NQRZQ LQVWDELOLW\ RI PDQ\ SRO\PHUEDVHG PHPEUDQHV LQ
RUJDQLFVROYHQWV7KHSRVVLEOHODFNRIPRWLYDWLRQIRUH[SORLWLQJJUDSKHQHEDVHGPHPEUDQHV
IRU261FRXOGKDYHFRPHIURPWKHSUHYLRXVUHSRUWVRQ LPSHUPHDELOLW\RIRUJDQLFVROYHQWV
WKURXJK VXEPLFURQ WKLFN *2 PHPEUDQHV WKDW UHPDLQHG KLJKO\ SHUPHDEOH IRU ZDWHU
$OWKRXJKVRPHODWHVWVWXGLHVUHSRUWWKHVZHOOLQJRI*2PHPEUDQHVLQRUJDQLFVROYHQWVDQG
DFFRUGLQJO\ LQGLFDWH SHUPHDELOLW\ RI RUJDQLF PROHFXOHV HYHQ WKURXJK WKLFN *2
PHPEUDQHVWKLVVHHPVLQFRQVLVWHQWZLWKWKHSUHYLRXVUHSRUWVDQGFRXOGEHH[SODLQHG
E\WKHSUHVHQFHRIH[WUDGHIHFWVWKDWSURGXFHDPROHFXODUSDWKZD\,QDQDQRWKHUZRUN261
ZDV SHUIRUPHG XVLQJ D VROYDWHG UHGXFHG *2SRO\PHU FRPSRVLWH PHPEUDQH DQG RQO\
DFKLHYHGDPROHFXODUVLHYHVL]HRI§QPGXHWRWKHODUJHUQDQRFKDQQHOVLQWKHPHPEUDQH
WKDQ WKDW RI SULVWLQH *2 PHPEUDQHV 0ROHFXODU UHMHFWLRQ IRU WKH DERYH PHPEUDQHV
LQYROYHV FKDUJH VSHFLILF VHSDUDWLRQ UDWKHU WKDQ WKH SK\VLFDO VL]H FXWRII 0HPEUDQHV ZLWK
$QJVWURP VL]H SUHFLVH VLHYLQJ DORQJ ZLWK KLJK RUJDQLF VROYHQW SHUPHDQFH DUH RI JUHDW
LQWHUHVWVIRU261WHFKQRORJ\KRZHYHUVXFKGHPRVWUDWLRQLVVWLOOODFNLQJ,QWKLVUHSRUWZH
LQYHVWLJDWH SHUPHDELOLW\ DQG VLHYLQJ SURSHUWLHV RI XOWUDWKLQ *2 PHPEUDQHV ZLWK UHVSHFW WR
RUJDQLF VROXWLRQV XVLQJ DQ LPSURYHG ODPLQDU VWUXFWXUH DQG GHPRQVWUDWH WKH PHPEUDQHV¶
SRWHQWLDOIRU261
7KHSUHSDUDWLRQRI*2PHPEUDQHVXVHGLQRXUZRUNLVGHVFULEHGLQ0HWKRGV)LJXUHVKRZV
WKHVFDQQLQJHOHFWURQPLFURVFRSH6(0DWRPLFIRUFHPLFURVFRSH$)0LPDJHVDQG;UD\
GLIIUDFWLRQ;5'RIWKHVWXGLHG*2PHPEUDQHV6KRUWGXUDWLRQXOWUDVRQLFH[IROLDWLRQDQGD
VWHSZLVHVHSDUDWLRQ0HWKRGVZHUHXVHGWRREWDLQODUJH*2IODNHVODWHUDOVL]HDRI±
P ZLWK D UHODWLYHO\ QDUURZ VL]H GLVWULEXWLRQ VXSSOHPHQWDU\ )LJ  7KH PHPEUDQHV
SUHSDUHG IURP WKHVH ODUJH *2 IODNHV DUH UHIHUUHG WR DV KLJKO\ ODPLQDWHG *2 +/*2
PHPEUDQHV GXH WR WKHLU VXSHULRU ODPLQDU VWUXFWXUH 7KH\ VKRZ D QDUURZ ;5' SHDN IXOO
ZLGWK DW KDOI PD[LPXP RI  GHJUHH DV FRPSDUHG WR  GHJUHH IRU WKH VWDQGDUG *2
PHPEUDQHVSUHSDUHGIURPVPDOOHUIODNHVDa±P%HORZWKHODWWHUDUHUHIHUUHGWR
 ?

DV WKH FRQYHQWLRQDO *2 &*2 PHPEUDQH 7KH QDUURZ ;UD\ SHDN IRU +/*2 ODPLQDWHV
VXJJHVWV WKH LPSRUWDQFH RI WKH *2 IODNH VL]H IRU WKH DOLJQPHQW SURFHVV ZKLFK FDQ EH
DWWULEXWHGWRVWURQJHULQWHUOD\HULQWHUDFWLRQEHWZHHQODUJHURYHUODSSLQJDUHDV7KHVWURQJHU
LQWHUDFWLRQVFRXOGIXUWKHUDVVLVWWRHOLPLQDWHWKHRFFDVLRQDOZULQNOHVDQGFRUUXJDWLRQIRXQGLQ
WKH&*2PHPEUDQHVDQG WKLVFRXOG OHDG WRDFKLHYLQJVPRRWKHU'FDSLOODULHV LQ+/*2
PHPEUDQHV

)LJXUH_8OWUDWKLQ+/*2PHPEUDQHD6(0LPDJHRIDQQPWKLFN+/*2PHPEUDQH
RQDQ$QRGLVFDOXPLQDVXSSRUW6FDOHEDUP,QVHW6(0LPDJHRIEDUHDOXPLQDVXSSRUW
6FDOHEDUQPE;UD\GLIIUDFWLRQIRU+/*2DQG&*2PHPEUDQHV,QVHWOHIW$)0
LPDJHRI+/*2PHPEUDQH WUDQVIHUUHG IURPDQDOXPLQD VXEVWUDWH WRD VLOLFRQZDIHU6FDOH
EDUQP,QVHWULJKW7KHKHLJKWSURILOHVDORQJWKHGRWWHGUHFWDQJOH
7R SUREH PROHFXODU VLHYLQJ SURSHUWLHV RI +/*2 PHPEUDQHV ZH ILUVW SHUIRUPHG YDFXXP
ILOWUDWLRQ RI DTXHRXV VROXWLRQV RI VHYHUDO VDOWV DQG ODUJH PROHFXOHV WKURXJK +/*2
PHPEUDQHV 0HWKRGV )LJXUH D VKRZV WKH PROHFXODU VLHYLQJ SURSHUWLHV RI DQ  QP WKLQ
+/*2PHPEUDQH6LPLODU WRPLFURQWKLFN*2PHPEUDQHV+/*2PHPEUDQHVDOVREORFN
DOOLRQVZLWKK\GUDWHGUDGLLODUJHUWKDQc:HHPSKDVL]HWKDWQRPROHFXODUVLHYLQJZDV
REVHUYHGLQVLPLODUH[SHULPHQWVEXWXVLQJ&*2PHPEUDQHVZLWKWKLFNQHVVRIQP)LJ
D LQVHW+HQFH WKHXOWUDVKDUSVLHYLQJFXWRIIFDQEHDFKLHYHG LQ+/*2PHPEUDQHV WKDW
DUHPRUHWKDQWZRRUGHUVRIPDJQLWXGHWKLQQHUWKDQFRQYHQWLRQDOPHPEUDQHVVKRZLQJVDPH
VLHYLQJSURSHUWLHV7KLVGUDVWLFLPSURYHPHQWFDQEHDWWULEXWHGWRWKHKLJKO\ODPLQDWHGQDWXUH
RIRXU+/*2PHPEUDQHV:HIDLOHGWRREVHUYHDFXWRIILQVLHYLQJRQO\IRUWKHPHPEUDQHV
WKLQQHUWKDQQPZKLFKVHWVDPLQLPXPWKLFNQHVVIRU+/*2PHPEUDQHVXVHGLQWKLVVWXG\
8OWUDKLJK SHUPHDQFH WR IOXLGV PD\ RFFXU LQ XOWUDWKLQ PHPEUDQHV GXH WR D GHFUHDVHG
PROHFXODUSHUPHDWLRQOHQJWK7RIXUWKHUHYDOXDWHOLTXLGSHUPHDQFHRI+/*2PHPEUDQHV
ZH KDYH SHUIRUPHG YDFXXP ILOWUDWLRQ DQG GHDGHQG SUHVVXUH ILOWUDWLRQ VXSSOHPHQWDU\
VHFWLRQH[SHULPHQWVZLWKZDWHUDQGDZLGHUDQJHRIRUJDQLFVROYHQWVXVLQJRQO\QPWKLFN
 ?

PHPEUDQHV$OOWKHSHUPHDQFHYDOXHVZHUHUHFRUGHGDIWHUUHDFKLQJDVWHDG\VWDWHFRQGLWLRQ
W\SLFDOO\DFKLHYHGZLWKLQPLQXWHV7KHOLTXLGIOX[LVIRXQGWREHOLQHDUO\SURSRUWLRQDOWKH
GLIIHUHQWLDO SUHVVXUH ǻP DFURVV DQ +/*2 PHPEUDQH )LJ E LQVHW 7KH SHUPHDQFH IRU
YDULRXVVROYHQWVDVDIXQFWLRQRIWKHLULQYHUVHYLVFRVLW\KLVVKRZQLQ)LJE,QFRQWUDVW
WRPXFKWKLFNHU*2PHPEUDQHV WKDWH[KLELWXOWUDIDVWZDWHUSHUPHDWLRQDQG LPSHUPHDELOLW\
IRURUJDQLFVROYHQWVRXU+/*2PHPEUDQHVDUHKLJKO\SHUPHDEOHWRDOOWHVWHGVROYHQWV7KH
KLJKHVWSHUPHDQFH LVREVHUYHG IRU VROYHQWVZLWK WKH ORZHVWYLVFRVLW\)RU H[DPSOHKH[DQH
VKRZV SHUPHDQFH RI a /PKEDU LH D SHUPHDELOLW\ RI a QPā/PKEDU GHVSLWH
WKHIDFWWKDWLWVNLQHWLFGLDPHWHULVDOPRVWWZLFHODUJHUWKDQWKDWRIZDWHU2QWKHFRQWUDU\
EXWDQROZLWKDNLQHWLFGLDPHWHUVLPLODUWRWKDWRIKH[DQHEXWPXFKKLJKHUYLVFRVLW\H[KLELWV
WKH ORZHVWSHUPHDQFHRI/PKEDU7KH OLQHDUGHSHQGHQFHRISHUPHDQFHRQK VHH
)LJE FOHDUO\ LQGLFDWHV WKDW WKH VROYHQW YLVFRVLW\ GLFWDWHV LWV SHUPHDELOLW\ DQG SURYHV WKH
YLVFRXVQDWXUHRIWKHVROYHQWV¶IORZWKURXJK+/*2PHPEUDQHV

)LJXUH _ 0ROHFXODU VLHYLQJ DQG RUJDQLF VROYHQW QDQRILOWUDWLRQ WKURXJK +/*2
PHPEUDQHVD([SHULPHQWVIRUVDOWUHMHFWLRQDVDIXQFWLRQRILRQ¶VK\GUDWHGUDGLXVODUJHVW
LRQVZLWKLQ WKHDTXHRXVVROXWLRQVDUHSORWWHG7KH+/*2PHPEUDQHVDUHQPWKLFN7KH
K\GUDWHGUDGLLDUHWDNHQIURPUHI>DQG@0%0HWK\OHQH%OXH5%±5RVH%HQJDO%%±
%ULOOLDQW %OXH ,QVHW 0% UHMHFWLRQ DQG ZDWHU SHUPHDQFH H[KLELWHG E\ WKH VWDQGDUG *2
PHPEUDQH ZLWK GLIIHUHQW WKLFNQHVVHV FRORXU FRGHG D[HV E 3HUPHDQFH RI SXUH RUJDQLF
VROYHQWVWKURXJKDQQP+/*2PHPEUDQHDVDIXQFWLRQRIWKHLULQYHUVHYLVFRVLW\7KHXVHG
VROYHQWVDUHQXPEHUHGDQGQDPHGRQWKHULJKW,QVHWWRS0HWKDQROSHUPHDQFHDVDIXQFWLRQ
RI SUHVVXUH JUDGLHQW ǻ3 'RWWHG OLQHV %HVW OLQHDU ILWV F 5HMHFWLRQ DQG SHUPHDQFH RI
VHYHUDOG\HVLQPHWKDQROYHUVXVWKHLUPROHFXODUZHLJKWFRORXUFRGHGD[HV7KHG\HVXVHG
&KU\VRLGLQH*&*'LVSHUVH5HG'50%&U\VWDO9LROHW&9%%DQG5%/HIWLQVHW
3KRWRJUDSKVRIG\HVGLVVROYHG LQPHWKDQROEHIRUHDQGDIWHU ILOWUDWLRQ WKURXJKQP+/*2
PHPEUDQHV 5LJKW LQVHW 0% UHMHFWLRQ DQG PHWKDQRO SHUPHDQFH RI &*2 PHPEUDQH ZLWK
GLIIHUHQWWKLFNQHVVHVFRORXUFRGHGD[HV1RWHWKDWHYHQWKRXJKWKHG\HUHMHFWLRQLQFUHDVHV
DQG DSSURDFKHV a  ZLWK LQFUHDVLQJ WKH &*2 PHPEUDQH WKLFNQHVV WKHLU SHUPHDQFH LV
 ?

VLJQLILFDQWO\ORZHUWKDQQP+/*2PHPEUDQHV$OOWKHHUURUEDUVDUHVWDQGDUGGHYLDWLRQV
XVLQJDWOHDVWWKUHHGLIIHUHQWPHDVXUHPHQWVXVLQJGLIIHUHQWVDPSOHV3RLQWVZLWKLQWKHJUH\EDU
LQ)LJVDDQGFVKRZWKHUHMHFWLRQHVWLPDWHGIURPWKHGHWHFWLRQOLPLWVXSSOHPHQWDU\)LJ
DQG0HWKRGV
+LJK SHUPHDQFH RI RUJDQLF VROYHQWV FRPELQHG ZLWK DFFXUDWH PROHFXODU VLHYLQJ PDNHV
XOWUDWKLQ+/*2PHPEUDQHVDWWUDFWLYHIRU2617RHYDOXDWHWKLVSRWHQWLDOIRUDSSOLFDWLRQV
ZHKDYHSHUIRUPHGILOWUDWLRQH[SHULPHQWVZLWKPHWKDQROVROXWLRQVRIVHYHUDOG\HPROHFXOHV
7KHG\HPROHFXOHUHMHFWLRQUDWHVIRUDQQPWKLFN+/*2PHPEUDQHDUHSUHVHQWHGLQ)LJF
:KLOH WKHSHUPHDQFHZDVUHGXFHGE\aFRPSDUHGWR WKHSXUHVROYHQWZKLFK LVQRW
XQXVXDO IRU QDQRILOWUDWLRQ QR G\H PROHFXOH FRXOG EH GHWHFWHG GRZQ WR  RXU
GHWHFWLRQOLPLWRIWKHIHHGFRQFHQWUDWLRQDWWKHSHUPHDWHVLGH)LJE7KHREVHUYHGa
G\HUHMHFWLRQDQGIDVWVROYHQWSHUPHDWLRQPDNHVRXUXOWUDWKLQ+/*2PHPEUDQHVVXSHULRUWR
WKHVWDWHRIWKHDUWSRO\PHULFPHPEUDQHV)RUH[DPSOHWKHKLJKHVWPHWKDQROSHUPHDQFH
UHSRUWHGRQSRO\PHULFPHPEUDQHVLVa/PKEDUIRU5%UHMHFWLRQZKLFKLV§
WLPHVORZHUWKDQWKHPHWKDQROSHUPHDQFHREWDLQHGZLWKRXU+/*2PHPEUDQHVSURYLGLQJ§
5%UHMHFWLRQ)XUWKHUFRPSDULVRQRI261SHUIRUPDQFHRI+/*2PHPEUDQHDQG WKH
RWKHUUHSRUWHG261PHPEUDQHVDUHOLVWHGLQVXSSOHPHQWDU\VHFWLRQ8QDPELJXRXVO\DKLJK
RUJDQLFVROYHQWSHUPHDQFHDORQJZLWKSUHFLVHPROHFXODUVLHYLQJ!UHMHFWLRQWRWKHG\H
PROHFXOHV LQGLFDWHV WKDW +/*2 PHPEUDQHV FRXOG EH DQ RXWVWDQGLQJ FDQGLGDWH IRU 261
WHFKQRORJ\ :LWK WKH YLHZ RI SUDFWLFDO DSSOLFDWLRQV ZH KDYH DOVR SHUIRUPHG 261
H[SHULPHQWV ZLWK +/*2 GHSRVLWHG RQ SRURXV SRO\PHU Q\ORQ VXSSRUW VXSSOHPHQWDU\
VHFWLRQ7KHQ\ORQVXSSRUWHG+/*2PHPEUDQHVVKRZHGQHDUO\WKHVDPHSHUIRUPDQFHDV
WKRVH RQ WKH DOXPLQD VXSSRUW )RU H[DPSOH DQ  QP +/*2 PHPEUDQH RQ Q\ORQ VKRZHG
D!UHMHFWLRQWR0%ZLWK§/PKEDUPHWKDQROSHUPHDQFHVXSSOHPHQWDU\)LJ
:H KDYH DOVR VWXGLHG WKH LQIOXHQFHV RI DJLQJ DQG VROYHQW VWDELOLW\ RI +/*2 PHPEUDQH
ZKLFKDUHNH\SDUDPHWHUVIRUSUDFWLFDODSSOLFDWLRQVRQLWVPHPEUDQHSHUIRUPDQFHDQGIRXQG
WKDW +/*2 PHPEUDQHV DUH VWDEOH LQ DLU IRU PRUH WKDQ D \HDU DQG DOVR KLJKO\ VWDEOH LQ
GLIIHUHQWVROYHQWVVHHVXSSOHPHQWDU\VHFWLRQ
7RHOXFLGDWHWKHPHFKDQLVPRIRUJDQLFVROYHQWSHUPHDWLRQDQGVLHYLQJSURSHUWLHVRIXOWUDWKLQ
+/*2 PHPEUDQHV ZH KDYH FRQGXFWHG WZR VHWV RI DGGLWLRQDO H[SHULPHQWV )LUVW ZH KDYH
SHUIRUPHG;5'IRU+/*2PHPEUDQHVLPPHUVHGLQGLIIHUHQWRUJDQLFVROYHQWVVHH)LJD
7KHGDWDFOHDUO\LQGLFDWHWKDWVHYHUDORIWKHRUJDQLFVROYHQWVHVSHFLDOO\SRODURQHVLQWHUFDODWH
EHWZHHQJUDSKHQHR[LGH OD\HUV DQG LQFUHDVH WKH LQWHUOD\HU GLVWDQFHd+RZHYHU QRQSRODU
VROYHQWVVXFKDVKH[DQHGLGQRWSURGXFHDQ\LQFUHDVHLQd$WWKHVDPHWLPHKH[DQHZDVWKH
IDVWHVWSHUPHDWLQJPROHFXOHDPRQJWKHVROYHQWVXVHGLQWKLVVWXG\)LJE7KLVVXJJHVWVWKDW
SHUPHDWLRQ WKURXJK XOWUDWKLQ +/*2 PHPEUDQHV LV QRW GRPLQDWHG E\ PROHFXODU WUDQVSRUW
WKURXJKLQWHUOD\HUFDSLOODULHV6HFRQGZHSHUIRUPHGZDWHUDQGRUJDQLFVROYHQWSHUPHDWLRQ
 ?

H[SHULPHQWV XVLQJ +/*2 PHPEUDQHV RI GLIIHUHQW WKLFNQHVVHV h )LJ E VKRZV WKH
H[SRQHQWLDOGHFD\IRUPHWKDQRODQGKH[DQHSHUPHDQFHDVDIXQFWLRQRIh+/*2PHPEUDQHV
ZLWKh !QPVKRZQRGHWHFWDEOHVROYHQWSHUPHDWLRQFRQVLVWHQWZLWKWKH LPSHUPHDELOLW\
UHSRUWHGIRUVXEPLFURQWKLFN*2PHPEUDQHV8VLQJKHOLXPDQGRUJDQLFYDSRXUVZHDOVR
REVHUYHG D VLPLODU H[SRQHQWLDO GHFD\ ZLWK LQFUHDVLQJ h RI RXU +/*2 PHPEUDQHV
VXSSOHPHQWDU\VHFWLRQ,QFRQWUDVWZDWHUSHUPHDQFHLQLWLDOO\GHFD\HGH[SRQHQWLDOO\WRR
EXWIRUh !QPLWIROORZHGDPXFKZHDNHUOLQHDUGHSHQGHQFHRQh)LJELQVHW

)LJXUH _ 3URELQJ PROHFXODU SHUPHDWLRQ WKURXJK +/*2 PHPEUDQHV D ;UD\
GLIIUDFWLRQIRUQPWKLFN+/*2PHPEUDQHVLPPHUVHGLQYDULRXVRUJDQLFVROYHQWVFRORXU
FRGHG E 7KLFNQHVV GHSHQGHQFH RI SHUPHDQFH IRU PHWKDQRO KH[DQH DQG ZDWHU WKURXJK
+/*2 PHPEUDQHV FRORXU FRGHG 5HG DQG EOXH GRWWHG OLQHV DUH WKH EHVW H[SRQHQWLDO ILWV
7KHEODFNGRWWHGFXUYHLVDJXLGHWRWKHH\H,QVHW:DWHUSHUPHDQFHDVDIXQFWLRQRILQYHUVH
WKLFNQHVVIRU+/*2PHPEUDQHVZLWKWKLFNQHVVHVQP'RWWHGOLQHEHVWOLQHDUILW7KH
VORSHRIOLQHDUILWSURYLGHVWKHZDWHUSHUPHDELOLW\DV§QPā/PKEDU7KHVROLGOLQHLQ
WKHPDLQILJXUHVKRZVWKHGHWHFWLRQOLPLWIRUPHWKDQRODQGKH[DQHLQRXUH[SHULPHQW$OOWKH
HUURUEDUVDUHVWDQGDUGGHYLDWLRQVXVLQJDWOHDVWWKUHHGLIIHUHQWPHDVXUHPHQWVXVLQJGLIIHUHQW
VDPSOHV
7KH H[SRQHQWLDO GHFUHDVHRIRUJDQLFVROYHQWSHUPHDQFHZLWKh LV VXUSULVLQJ DQG VHHPLQJO\
FRQWUDGLFWV WR WKH YLVFRXV IORZ LQIHUUHG IURP WKH REVHUYHG K GHSHQGHQFH ,QGHHG WKH
YLVFRXVIORZVXJJHVWVWKDWWKHSHUPHDQFHVKRXOGEHSURSRUWLRQDOWRWKHSUHVVXUHJUDGLHQWο௉௅ 
ZKHUHοܲLVWKHGULYLQJSUHVVXUHJUDGLHQWDQGLLVWKHSHUPHDWLRQOHQJWKSURSRUWLRQDOh
)RUH[DPSOHWKHOLQHDUGHSHQGHQFHRIZDWHUSHUPHDQFHRQhIRUWKHWKLFNHUPHPEUDQHLV
FRQVLVWHQWZLWK WKHYLVFRXVIORZ7RH[SODLQ WKHVH WZRIXQFWLRQDOGHSHQGHQFHVZHSURSRVH
WZR GLIIHUHQW PROHFXODU SDWKZD\V IRU SHUPHDWLRQ WKURXJK +/*2 PHPEUDQHV 7KH ILUVW
 ?

LQYROYHV SHUPHDWLRQ WKURXJK SLQ KROHV SDWKZD\  DQG WKH VHFRQG RQH LV WKURXJK WKH
SUHYLRXVO\VXJJHVWHGPRGHORIDQHWZRUNRIJUDSKHQHFDSLOODULHVSDWKZD\
3LQKROHVLQ*2PHPEUDQHVRULJLQDWHIURPUDQGRPVWDFNLQJRILQGLYLGXDO*2IODNHVDQGFDQ
DOVR LQYROYH QDQRPHWUH VL]H KROHV ZLWKLQ IODNHV $W D IHZ QP WKLFNQHVVHV *2 ODPLQDWHV
FRQWDLQ PDQ\ SLQKROHV VXSSOHPHQWDU\ VHFWLRQ  WKDW SLHUFH WKURXJK WKH HQWLUH ILOP 6XFK
WKLQ *2 ILOPV DOORZ UHODWLYHO\ HDV\ SHUPHDWLRQ WKURXJK SLQKROHV ZLWKRXW DQ\ DWRPLFVL]H
FXWRII REVHUYHG IRU WKLFNHU ODPLQDWHV $W D FHUWDLQ FULWLFDO WKLFNQHVV hc *2 ILOPV EHFRPH
FRQWLQXRXVZLWK DOO SLQKROHV EORFNHG DV WKH IRXQG RQVHW RI DWRPLFVFDOH VLHYLQJ LQGLFDWHV
7KH H[SHULPHQW VKRZV WKDW IRU +/*2 PHPEUDQHV hc LV a QP  $IWHU WKLV WKUHVKROG
PROHFXODUWUDQVSRUWLVH[SHFWHGWRRFFXULQWZRVWHSV/LTXLGVFRQWLQXHWRUDSLGO\ILOOWKHVDPH
SLQKROHV EXW WKLV LV QRW D OLPLWLQJ SURFHVV 0ROHFXODU WUDQVSRUW WKURXJK WKH HQWLUH ILOP
EHFRPHV OLPLWHGE\ WKHQHFHVVLW\ WR UHDFK IURPRQHSLQKROH WRDQRWKHUZKLFK LQYROYHV LQ
SODQHGLIIXVLRQEHWZHHQ*2VKHHWV7KLVERWWOHQHFNKDVWRLQYROYHLQWHUOD\HUGLIIXVLRQE\D
GLVWDQFHRIWKHRUGHURIWKHVL]HRI*2VKHHWVZKLFKZLOOSURYLGHDQDWRPLFVFDOHVLHYHVL]H
IRU ILOWUDWLRQ $VVXPLQJ WKDW D SUREDELOLW\ IRU D PROHFXOH WR ILQG D SDWKZD\ WKURXJK WKH
WKLQQHVWFRQWLQXRXVPHPEUDQHZLWKFULWLFDOWKLFNQHVVhcLVpZHFDQZULWHWKHSUREDELOLW\RI
WUDQVSRUW WKURXJKD WKLFNHU VKHHWRI WKLFNQHVVh DVP pNZKHUHN  hhc 7KLV FDQEH UH
ZULWWHQ DV P   H[S>OQph/hc@ DQG \LHOGV WKH IOX[ Q v H[Sha ZLWK a   hc OQp %\
GHILQLWLRQp VKRXOGEHRIWKHRUGHURIòEHFDXVHZHGHILQHLWDWWKHWKUHVKROGZKLFKPHDQV
WKDW p   IRU h  hc DQG p   IRU WKLFNHU OD\HUV 7KHUHIRUH a   hc OQp a hc LQ
DJUHHPHQWZLWKH[SRQHQWLDO ILW LQ)LJE7KLVSURSRVHGPRGHOFRXOGDOVRH[SODLQZK\WKH
PROHFXODUVLHYHVL]HRIĬcLVQRWSUHVHUYHGLQWKLQ&*2PHPEUDQHVZKHUHWKHVPDOOHU
IODNHVL]HLQFUHDVHGWKHFULWLFDOWKLFNQHVVDQGZHDNHQHGWKHLQWHUOD\HUDOLJQPHQW
7KHGHYLDWLRQRIZDWHUSHUPHDQFHIURPWKHH[SRQHQWLDOGHFD\DQGLW¶VIDVWHUWUDQVSRUWDWODUJH
h FDQEHXQGHUVWRRGE\FRQVLGHULQJ WKHPROHFXODUSDWKZD\ZKHUH WKHSHUPHDWLRQRFFXUV
WKURXJKWKHJUDSKHQHFDSLOODULHVWKDWGHYHORSEHWZHHQ*2VKHHWVW\SLFDOO\DQDUHDRI
 UHPDLQV IUHH IURP IXQFWLRQDOL]DWLRQ 7KH SHUPHDWLRQ WKURXJK WKH SDWKZD\  LV
SULPDULO\ UHVWULFWHG E\ WKH K\GUDXOLF UHVLVWDQFH GXH WR D ODUJH L ஽ௗîh +RZHYHU ZDWHU
SHUPHDWLRQ WKURXJK WKHVH FDSLOODULHV H[SHULHQFHV WKUHH RUGHUV RI PDJQLWXGH HQKDQFHG IORZ
GXH WR WKH ODUJH VOLS OHQJWK1,8,29 DQG WKHUHIRUH HIIHFWLYHO\ UHGXFHV WKH IORZ UHVLVWDQFH 7KLV
VXJJHVWV WKDW ZLWK LQFUHDVLQJ h WKH H[SRQHQWLDOO\ JURZLQJ IORZ UHVLVWDQFH IRU ZDWHU LQ WKH
SDWKZD\FRXOGEHRYHUFRPHE\WKHORZHUIORZUHVLVWDQFHLQWKHSDWKZD\GXHWRWKHODUJH
VOLSOHQJWKFRQVLVWHQWZLWKWKHGHYLDWLRQIURPWKHH[SRQHQWLDOGHFD\REVHUYHGDERYHaQP
LQ)LJE7KHOLQHDUGHSHQGHQFHRIZDWHUSHUPHDQFHRQhIRUWKH+/*2PHPEUDQHVZLWK
DWKLFNQHVVODUJHUWKDQQP)LJELQVHWIXUWKHUSURYHVWKDWWKHIORZWKURXJKWKHWKLFNHU
PHPEUDQHVSUHGRPLQDQWO\RFFXUVWKURXJKWKHJUDSKHQHFDSLOODULHV,QFRQWUDVWIRURUJDQLF
 ?

VROYHQWV WKH H[SHULPHQWDOO\ XQGHWHFWDEOH SHUPHDWLRQ IRU h !  QP LQGLFDWH WKDW WKH
SHUPHDWLRQ WKURXJK WKH SDWKZD\  LV QHJOLJLEOH DQG VXJJHVWV D QRQVOLS IORZ 7KLV LV QRW
VXUSULVLQJEHFDXVHJUDSKLWLF VXUIDFHVDUHNQRZQ IRU WKHLU OLSRSKLOLFLW\ WKDW LV WKH\ LQWHUDFW
VWURQJO\ZLWKK\GURFDUERQV7KLVLVFRQVLVWHQWZLWKWKHUHFHQWFDOFXODWLRQRIODUJHULQWHUIDFLDO
IULFWLRQ IRU HWKDQRO LQ JUDSKHQH FDSLOODULHV FRPSDUHG WR ZDWHU 7KH QRQVOLS EHKDYLRU RI
RUJDQLFVROYHQWVDOVRH[SODLQVZK\FHUWDLQRUJDQLFPROHFXOHVSRODUVROYHQWVFDQXQLIRUPO\
LQWHUFDODWH EHWZHHQ *2 OD\HUV VLPLODU WR ZDWHU EXW WKHLU SHUPHDELOLW\ UHPDLQV EHORZ RXU
GHWHFWLRQ OLPLW 7R FRQILUP WKLV PRGHO IXUWKHU ZH KDYH DOVR UXOHG RXW WKH LQIOXHQFH RI
SRODULW\G\QDPLFGLDPHWHUDQGVROXELOLW\SDUDPHWHUVRIRUJDQLFVROYHQWVWRWKHLUSHUPHDQFH
VXSSOHPHQWDU\VHFWLRQ
%DVHG RQ WKH XQGHUVWDQGLQJ RI RUJDQLF PROHFXOH SHUPHDWLRQ WKURXJK *2 PHPEUDQHV ZH
SURSRVH D VWUDWHJ\ WR IXUWKHU LPSURYH WKH SHUPHDQFH WKURXJK *2 PHPEUDQHV ZLWKRXW
VXEVWDQWLDOO\UHGXFLQJWKHRUJDQLFVROXWHUHMHFWLRQHYHQXVLQJUHODWLYHO\WKLFNPHPEUDQHV7R
WKLVHQGZHXVHGSDUWLDOO\UHGXFHG0JFURVVOLQNHG*2PHPEUDQHZLWKQPWKLFNQHVV
ZKHUH WKH UDQGRPO\ GLVWULEXWHG 0J LRQV EHWZHHQ *2 VKHHWV SOD\ D UROH RI VSDFHUV WKDW
LQWURGXFHV WKH GLVRUGHU LQ WKH ODPLQDU VWUXFWXUH DQG KHQFH LQFUHDVHV WKH SHUPHDQFH
VXSSOHPHQWDU\)LJDQGVXSSOHPHQWDU\VHFWLRQ7KHVHPRGLILHGPHPEUDQHVVKRZa
LQFUHDVHLQSHUPHDQFHZKLOHNHHSLQJWKHG\HUHMHFWLRQDWVXSSOHPHQWDU\)LJ
:HEHOLHYHWKDWWKHSHUIRUPDQFHRIVXFKLRQPRGLILHGPHPEUDQHVFRXOGEHIXUWKHULPSURYHG
E\ RSWLPLVLQJ WKH FDWLRQ VHOHFWLRQ IRU FURVVOLQNLQJ DQG FDUHIXO FRQWURO RI WKH UHGXFWLRQ
SURFHVV
,Q FRQFOXVLRQ ZH VKRZ WKDW +/*2 PHPEUDQHV RI RQO\ VHYHUDO OD\HUV LQ WKLFNQHVV H[KLELW
RXWVWDQGLQJ VLHYLQJ SURSHUWLHV DFFRPSDQLHG E\ XOWUDIDVW VROYHQW SHUPHDWLRQ 7KH SURSRVHG
PRGHOEDVHGRQQRQVOLSSHUPHDWLRQRIRUJDQLFVROYHQWVDQGVOLSHQKDQFHGZDWHUSHUPHDWLRQ
RIIHUV D ORQJVRXJKW H[SODQDWLRQ IRU WKH XOWUDORZ SHUPHDELOLW\ RI VXEPLFURQ WKLFN &*2
PHPEUDQHVIRURUJDQLFVROYHQWV7DNLQJLQWRDFFRXQWWKHH[FHOOHQWFKHPLFDOVWDELOLW\RI*2
WKH UHSRUWHGPHPEUDQH FDQEHXVHG IRURUJDQLF VROYHQWQDQRILOWUDWLRQZLWKSKDUPDFHXWLFDO
DQGSHWURFKHPLFDOLQGXVWULHVEHLQJSRWHQWLDOEHQHILFLDULHV7KHSURSRVHGVWUDWHJ\WRHQKDQFH
WKHQDQRILOWUDWLRQSURSHUWLHVRI*2PHPEUDQHVE\FDWLRQFURVVOLQNLQJLVHQWLFLQJEXWIXUWKHU
UHVHDUFKLVQHHGHGWRRSWLPL]HWKHSHUIRUPDQFH
0HWKRGV
3UHSDUDWLRQRI*2PHPEUDQHV*UDSKLWHR[LGHZDVSUHSDUHGE\WKH+XPPHUVPHWKRGDQG
WKHQ GLVSHUVHG LQ ZDWHU E\ VRQLFDWLRQ ZKLFK UHVXOWHG LQ VWDEOH *2 VROXWLRQV ,W LV ZRUWK
QRWLQJWKDWWRDYRLGRWKHUSRVVLEOHLQIOXHQFHZHUHSHDWHGO\ZDVKHGRXU*2QDQRVKHHWVXQWLO
WKH S+ YDOXH RI WKHLU VROXWLRQV UHDFKHV WR  *2 PHPEUDQHV ZHUH SUHSDUHG E\ YDFXXP
ILOWHULQJ DTXHRXV *2 VROXWLRQV WKURXJK $QRGLVF $OXPLQD RU 1\ORQ PHPEUDQH  PP
GLDPHWHU:KDWPDQ ILOWHUVZLWKQPSRUH VL]H7RREWDLQDXQLIRUPPHPEUDQH WKH*2
 ?

VXVSHQVLRQZDVGLOXWHGWROHVVWKDQZWEHIRUHWKHYDFXXPILOWUDWLRQ$IWHUILOWUDWLRQ
WKHPHPEUDQHZDVDOORZHG WRGU\XQGHUYDFXXPDW URRPWHPSHUDWXUH IRUDW OHDVWKRXUV
EHIRUHWKHPHDVXUHPHQWV 7KHPHPEUDQHVZLWKGLIIHUHQWWKLFNQHVVZHUHREWDLQHGE\ILOWUDWLQJ
GLIIHUHQWYROXPHRI*2VXVSHQVLRQWKURXJKWKH$OXPLQDRU1\ORQVXSSRUW,WLVQRWHZRUWK\
WKDW WKH LQIOXHQFHRI WKHVXSSRUWPHPEUDQHRQ WKHUHSRUWHGSHUPHDWLRQZHUHPLQLPXPGXH
WKHODUJHSRURVLW\7KHVROYHQWSHUPHDQFHWKURXJKERWKWKHEDUH$OXPLQDDQG1\ORQVXSSRUW
OD\HUVZHUHIRXQGWREHPLQLPXPWLPHVODUJHUWKDQWKH*2PHPEUDQHRQVXSSRUWOD\HUV
VXJJHVWLQJK\GUDXOLFUHVLVWDQFHIURPWKHVXSSRUWOD\HUVZHUHQHJOLJLEOHDQGFRXOGEHLJQRUHG

7ZR W\SHV RI *2 PHPEUDQHV XVHG LQ WKLV VWXG\ DUH +/*2 DQG &*2 PHPEUDQHV  7KH
GLIIHUHQFH EHWZHHQ SUHSDUDWLRQ RI +/*2 DQG &*2 PHPEUDQH OLHV LQ WKH XOWUDVRQLF
H[IROLDWLRQDQGFHQWULIXJDOVHSDUDWLRQSURFHVV)RU+/*2PHPEUDQHVWKHJUDSKLWHR[LGHZDV
H[IROLDWHG E\ D PLQXWH XOWUDVRQLF H[IROLDWLRQ  : SRZHU DQG WKHQ VXEVHTXHQWO\
FHQWULIXJHGWZLFHDWUSPIRUPLQXWHVWRVHSDUDWHXQH[IROLDWHGWKLFN*2IODNHV7KH
VXSHUQDWDQW*2VROXWLRQZDVIXUWKHUFHQWULIXJHGDWUSPWRVHSDUDWHODUJHDQGVPDOO*2
IODNHV,QWKLVVWHSWKHVHGLPHQWZDVFROOHFWHGEHFDXVHWKHVPDOOVL]HDQGKHQFHOLJKWHU*2
IODNHV UHPDLQ LQ WKH VXSHUQDWDQW DQG ODUJHU *2 IODNHV VHGLPHQWV 7KLV VHGLPHQW ZDV WKHQ
FROOHFWHGDQGUHGLVSHUVHGLQZDWHUE\PLOGVKDNLQJDQGWKHQUHSHDWHGWKHFHQWULIXJDWLRQVWHSV
DW  DQG  USP UHVSHFWLYHO\ 7KLV UHSHDWHG FHQWULIXJDWLRQ F\FOHV ZLWK VHTXHQWLDOO\
GHFUHDVLQJ FHQWULIXJDWLRQ VSHHG HQDEOH WKH VHSDUDWLRQ RI PHGLXP VL]H *2 IODNHV IURP WKH
ODUJH IODNHV DQG DOORZV REWDLQLQJ XQLIRUP ODUJH *2 IODNHV UHTXLUHG IRU WKH SUHSDUDWLRQ RI
+/*2PHPEUDQHV)RUWKHSUHSDUDWLRQRI&*2PHPEUDQHVWKHJUDSKLWHR[LGHLQZDWHUZDV
VRQLFDWHG IRU KRXUV DQG WKHQ FHQWULIXJHG WKUHH WLPHV DW  USP 7KH VXSHUQDWDQWZDV
WKHQFROOHFWHGDQGXVHGIRUWKHPHPEUDQHSUHSDUDWLRQ

,W LV LPSRUWDQW WR QRWH WKDW WKH +/*2 DQG &*2 PHPEUDQHV DUH SUHSDUHG E\ LGHQWLFDO
SURFHGXUHV H[FHSW GLIIHUHQW H[IROLDWLRQ WLPH 7KH LQIOXHQFH RI ZKLFK RQ WKH FKHPLFDO
FRPSRVLWLRQ RI *2 VKHHWV ZDV FDUHIXOO\ H[DPLQHG E\ ;UD\ SKRWRHOHFWURQ VSHFWURVFRS\
;36DQG IRXQGQRGLIIHUHQFH LQR[\JHQFRQWHQWEHWZHHQ WZRPHPEUDQHV VXSSOHPHQWDU\
VHFWLRQDQGVXSSOHPHQWDU\)LJ

7KHIODNHVL]HGLVWULEXWLRQRI*2XVHGIRUWKHSUHSDUDWLRQRIFRQYHQWLRQDO&*2DQG+/*2
PHPEUDQHV ZHUH PHDVXUHG E\ DQDO\VLQJ PRUH WKDQ  IODNHV ZLWK WKH VFDQQLQJ HOHFWURQ
PLFURVFRS\6(0RURSWLFDOPLFURVFRS\'XHWRORQJWLPHXOWUDVRQLFDWLRQDOOWKH*2IODNHV
XVHGIRU WKH&*2PHPEUDQHVDUHIRXQGWREHVPDOOHU WKDQPLQQRPLQDOVL]HDQGPRUH
WKDQ  RI WKHVH IODNHV DUH ZLWK D VL]H EHWZHHQ  P ,Q FRPSDULVRQ IRU +/*2
PHPEUDQHVRIWKHIODNHVXVHGZHUHIRXQGWREHODUJHUWKDQPVXSSOHPHQWDU\)LJ


 ? ?

0HPEUDQHFKDUDFWHUL]DWLRQV6(0DQG$)0WHFKQLTXHVZHUHXVHGWRPHDVXUHWKHVL]HRI
*2 IODNHV DQG WKLFNQHVV RI WKH PHPEUDQHV $ 9HHFR 'LPHQVLRQ $)0 LQ WKH WDSSLQJ
PRGHZDVXVHGIRUWKH$)0PHDVXUHPHQWV7RPHDVXUHWKHWKLFNQHVVRIWKH*2PHPEUDQHV
ZHWUDQVIHUUHGWKHPHPEUDQHIURPWKHDOXPLQDVXSSRUWWRDVLOLFRQVXEVWUDWHE\IORDWLQJWKH
DOXPLQDVXSSRUWHG*2PHPEUDQH LQZDWHUDQGVXEVHTXHQWO\ ILVKLQJRXW WKH*2PHPEUDQH
RQWRDVLOLFRQVXEVWUDWH*2PHPEUDQHWUDQVIHUUHGVLOLFRQVXEVWUDWHVZHUHFRPSOHWHO\GULHGLQ
YDFXXPEHIRUHWKH$)0PHDVXUHPHQWV

;UD\GLIIUDFWLRQPHDVXUHPHQWV LQ WKHș UDQJHRI WR ZLWKDVWHSVL]HRIDQG
UHFRUGLQJ UDWH RI  V ZHUH SHUIRUPHG XVLQJ D %UXNHU ' GLIIUDFWRPHWHU ZLWK &X .Į
UDGLDWLRQ Ȝ    c 'XH WR WKH ZHDN LQWHQVLW\ RI WKH ;UD\ SHDN IURP DQ  QP
PHPEUDQH ZH XVHG  QP WKLFN PHPEUDQHV IRU RXU H[SHULPHQWV 7R FROOHFW DQ ;5'
VSHFWUXPIURP+/*2PHPEUDQHVH[SRVHGWRGLIIHUHQWRUJDQLFVROYHQWVWKHPHPEUDQHVZHUH
ILUVW DJHG LQ D JORYHER[ ILOOHG ZLWK GU\ DUJRQ JDV IRU PRUH WKDQ  GD\V WR UHPRYH DQ\
LQWHUOD\HUZDWHUSUHVHQWLQWKHPHPEUDQHVDQGWKHQLPPHUVHGLQYDULRXVVROYHQWVIRUPRUH
WKDQGD\VLQVLGHDJORYHER[)RUWKH;5'PHDVXUHPHQWVWKHVDPSOHVZHUHFROOHFWHGIURP
WKH VROYHQWV DQG NHSW LQVLGH DQ DLUWLJKW ;5' VDPSOH KROGHU %UXNHU $%% ILOOHG
ZLWKVDPHRUJDQLFVROYHQWYDSRXUWRDYRLGDQ\LQIOXHQFHVRIWKHHQYLURQPHQWDOKXPLGLW\DQG
HYDSRUDWLRQRIVROYHQWIURPWKHPHPEUDQHRQWKHPHDVXUHPHQWV

3HUPHDWLRQDQGPROHFXODUVLHYLQJPHDVXUHPHQWV)RUSURELQJWKHPROHFXODUVLHYLQJDQG
VROYHQWSHUPHDWLRQWKURXJKYDULRXV*2PHPEUDQHVZHXVHGDYDFXXPILOWUDWLRQVHWXSZKHUH
WKH PHPEUDQH LV FODPSHG DQG VHDOHG ZLWK D VLOLFRQH UXEEHU 2ULQJ EHWZHHQ WKH IHHG DQG
SHUPHDWH VLGH )RU HDFK WHVW DW OHDVW WKUHH PHPEUDQHV ZHUH XVHG WR YDOLGDWH WKH
UHSURGXFLELOLW\3HUPHDWHVLGHZDVFRQQHFWHGWRDYDFXXPSXPSZLWKDFRQWUROODEOHSXPSLQJ
VSHHG DQG D FROG WUDS 7KH YDFXXP RQ WKH SHUPHDWH VLGH FUHDWHV D SUHVVXUH JUDGLHQW ǻP
ZKLFK GULYHV WKH PROHFXODU SHUPHDWLRQ DFURVV WKH PHPEUDQH 9DFXXP GHJUHH RQ WKH
SHUPHDWH VLGH ZDV FRQWUROODEOH IURP  WR  EDU 9$5,2 FKHPLVWU\ GLDSKUDJP SXPS
9DFXXEUDQG DQG IHHG SUHVVXUH ZDVĬ EDU )RU VWXG\LQJ WKH LQIOXHQFH RI ǻP RQ WKH
SHUPHDQFH ZH KDYH SHUIRUPHG ILOWUDWLRQ H[SHULPHQWV ZLWK GLIIHUHQW ǻP FUHDWHG XVLQJ
GLIIHUHQWSXPSLQJVSHHG7KHSHUPHDQFHRIYDULRXVVROYHQWVZDVREWDLQHGE\PHDVXULQJERWK
WKHYROXPHDQGZHLJKWRI WKHVROYHQW IURPWKHSHUPHDWHVLGH LQD OLTXLGQLWURJHQFROG WUDS
DQGWKH OLTXLG OHIWRYHU LQ WKHIHHGVLGH7KHV\VWHPOHDNDJHZDVH[DPLQHGE\UHSODFLQJWKH
PHPEUDQHZLWKDPSRO\HWK\OHQHWHUHSKWKDODWHSODVWLFVKHHWRUDP&XIRLOWKH
OHDNDJHZDVIRXQGWREH/PKEDU7KHVROYHQWSHUPHDQFHWKURXJK*2PHPEUDQH
ZDVDOVRPHDVXUHGE\DGHDGHQGSUHVVXUHILOWUDWLRQV\VWHPDWURRPWHPSHUDWXUHDQGIRXQG
JRRGFRQVLVWHQF\EHWZHHQWZRPHWKRGV6XSSOHPHQWDU\VHFWLRQ

 ? ?

:HKDYHQRWLFHGWKDWIRUZDWHUGXHWRLWVKLJKVXUIDFHWHQVLRQWKH+/*2PHPEUDQHEUHDNV
RQFH WKH ZDWHU ZDV LQ FRQWDFW ZLWK WKH PHPEUDQH :H WKHUHIRUH XVHG D VPDOO DPRXQW RI
VXUIDFWDQWPJP/VRGLXPGRGHF\OEHQ]HQHVXOIRQDWHWRGHFUHDVHWKHVXUIDFHWHQVLRQRI
ZDWHUDQGWKHUHE\DYRLGLQJWKHPHPEUDQHGDPDJHGXULQJZDWHUSHUPHDWLRQH[SHULPHQWV

)RUSURELQJWKHPROHFXODUVLHYLQJSURSHUW\RI+/*2DQG&*2PHPEUDQHVZHXVHGDTXHRXV
VROXWLRQVRI1D&O0J&O.>)H&1@S\UHQHWHWUDVXOIRQLFDFLGWHWUDVRGLXPVDOW1D376
0% 5% DQG %% )RU 0% 5% DQG %% WKH IHHG FRQFHQWUDWLRQV ZHUH  PJ/ DQG IRU
.>)H&1@DQG1D376WKHLUFRQFHQWUDWLRQVZHUHPJ/UHVSHFWLYHO\)RU1D&O
DQG0J&OZHXVHG0FRQFHQWUDWLRQ$OOWKHH[SHULPHQWVZHUHUHSHDWHGDWOHDVWWKUHHWLPHV
7KH DPRXQW RI VRGLXP DQG PDJQHVLXP VDOWV SHUPHDWHG ZHUH PHDVXUHG E\ SURELQJ WKH
FRQFHQWUDWLRQRIVDOWLQWKHSHUPHDWHVLGHE\FKHFNLQJWKHFRQGXFWLYLW\RIWKHSHUPHDWHZDWHU
)XUWKHUPRUHZHFURVVFKHFNHGWKHUHVXOWVRIRXUFRQGXFWLYLW\DQDO\VLVE\ZHLJKLQJWKHGU\
PDWHULDO OHIW DIWHU HYDSRUDWLRQ RI ZDWHU LQ WKH SHUPHDWH 7KH SHUPHDWLRQ RI RWKHU VDOWV DQG
G\HVWKURXJK*2PHPEUDQHVZDVPHDVXUHGE\FKHFNLQJWKHLUFRQFHQWUDWLRQDWWKHSHUPHDWH
VLGHE\89YLVDEVRUSWLRQDVGHWDLOHGEHORZ7KHVDOWUHMHFWLRQZDVFDOFXODWHGDVCP/CF
ZKHUHCpLVWKHVDOWFRQFHQWUDWLRQDWWKHSHUPHDWHVLGHDQGCFLVWKHVDOWFRQFHQWUDWLRQDWWKH
IHHGVLGH

)RU RUJDQLF VROYHQW QDQRILOWUDWLRQ H[SHULPHQWV &* 0% '5 &9 %% DQG 5% ZLWK D
FRQFHQWUDWLRQRIPJ/ZHUHGLVVROYHGLQPHWKDQRO7KHFRQFHQWUDWLRQRI WKHG\HDW WKH
SHUPHDWHVLGHZDVPHDVXUHGE\89YLVDEVRUSWLRQDVGHWDLOHGEHORZDQGWKHSHUPHDQFHZDV
GHWHUPLQHGE\WKHVDPHPHWKRGIRUWKHPHDVXUHPHQWRISXUHVROYHQWDVGHWDLOHGDERYH

899LVDEVRUSWLRQ)RUREWDLQLQJWKHFRQFHQWUDWLRQVRI.>)H&1@1D376DQGRUJDQLF
G\H PROHFXOHV LQ WKH SHUPHDWH ZH XVHG RSWLFDO DEVRUSWLRQ VSHFWURVFRS\ 89YLVLEOHQHDU
LQIUDUHG JUDWLQJ VSHFWURPHWHU ZLWK D [HQRQ ODPS VRXUFH  QP ZDV XVHG IRU WKLV
VWXG\)RUWKH+/*2PHPEUDQHVZHFRXOGQRWGHWHFWDQ\DEVRUSWLRQIHDWXUHVRIWKHDERYH
VDOWVRUG\HLQWKHSHUPHDWHVLGHVXSSOHPHQWDU\)LJ7RFURVVFKHFNWKLVIXUWKHUZHKDYH
DOVRPHDVXUHGWKHFRQFHQWUDWLRQRI WKHOHIWRYHUIHHGVROXWLRQDIWHU WKHILOWUDWLRQH[SHULPHQW
7KHOHIWRYHUFRQFHQWUDWHGIHHGVROXWLRQVLQFOXGLQJWKHVDOWRUG\HDEVRUEHGRQWKHPHPEUDQH
ZHUH GLOXWHG WR WKH VDPH YROXPH DV EHIRUH WKH ILOWUDWLRQ H[SHULPHQW DQG WKHQ WKH RSWLFDO
DEVRUSWLRQIHDWXUHVZHUHFRPSDUHGZLWKWKHSULVWLQHRULJLQDOIHHGVROXWLRQ:HFRXOGQRWILQG
DQ\GLIIHUHQFHLQWKHDEVRUSWLRQVSHFWUDVXJJHVWLQJDOOWKHVROXWHVZHUHUHWDLQHGDWWKHIHHG
VLGH7KHGHWHFWLRQOLPLW LQ)LJDDQGFZHUHHVWLPDWHGE\PHDVXULQJDUHIHUHQFHVROXWLRQ
DQGJUDGXDOO\GHFUHDVLQJLWVFRQFHQWUDWLRQXQWLOWKHVLJQDWXUHSHDNVFRPSOHWHO\GLVDSSHDUHG
7KH SHQXOWLPDWH FRQFHQWUDWLRQ LV VHW DV WKH FRUUHVSRQGLQJ GHWHFWLRQ OLPLW )RU WKH FDVH RI
&*2PHPEUDQHVDQG0JFURVVOLQNHGPHPEUDQHV)LJDFDQGVXSSOHPHQWDU\)LJ
WKHDEVRUEDQFHIRUWKHPRVWLQWHQVHRSWLFDODEVRUSWLRQSHDNIRUYDULRXVNQRZQFRQFHQWUDWLRQV
 ? ?

RIVDOWDQGG\HPROHFXOHVZHUHSORWWHGDJDLQVW WKHLUFRQFHQWUDWLRQDQGREWDLQHGD OLQHDU ILW
)URPWKLVOLQHDUGHSHQGHQFHZHHVWLPDWHGWKHFRQFHQWUDWLRQRIVDOWDQGG\HDWWKHSHUPHDWH
VLGH

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6XSSOHPHQWDU\,QIRUPDWLRQ
8OWUDWKLQJUDSKHQHEDVHGPHPEUDQHZLWKSUHFLVHPROHFXODUVLHYLQJDQG
XOWUDIDVWVROYHQWSHUPHDWLRQ

4<DQJ<6X&&KL&7&KHULDQ.+XDQJ9*.UDYHWV)&:DQJ-&=KDQJ$
3UDWW$1*ULJRUHQNR)*XLQHD$.*HLP551DLU

 *UDSKHQH2[LGH*2IODNHVZLWKGLIIHUHQWVL]HV

6XSSOHPHQWDU\)LJ_*2IODNHVL]HGLVWULEXWLRQD6(0LPDJHRI*2IODNHVXVHGIRUWKH
SUHSDUDWLRQ RI &*2 PHPEUDQHV 6FDOH EDU  QP DQG E LWV IODNH VL]H GLVWULEXWLRQ F
2SWLFDOLPDJHRI*2IODNHVXVHGIRUWKHSUHSDUDWLRQRI+/*2PHPEUDQHV6FDOHEDUP
DQGGLWVIODNHVL]HGLVWULEXWLRQ7KHIODNHVL]HVZHUHHVWLPDWHGE\WDNLQJWKHVTXDUHURRWRI
WKHDUHDRIHDFKIODNHPHDVXUHGZLWKWKH,PDJH-VRIWZDUH
7KH LQIOXHQFH RI IODNH VL]H RQ WKH FKHPLFDO FRPSRVLWLRQ RI *2 VKHHWV ZDV FDUHIXOO\
H[DPLQHG E\ ;UD\ SKRWRHOHFWURQ VSHFWURVFRS\ ;36 ;36 H[SHULPHQWV ZHUH SHUIRUPHG
XVLQJ D PRQRFKURPDWHG $O .D VRXUFH  H9 LQ DQ XOWUDKLJK YDFXXP V\VWHP ZLWK D
EDVHSUHVVXUHRIîPEDU6XUYH\VFDQVZHUHWDNHQWRFRQILUPWKDWRQO\&DQG2ZHUH
SUHVHQWLQHDFKVDPSOHEHIRUHKLJKUHVROXWLRQ&V VSHFWUDZHUHREWDLQHGVXSSOHPHQWDU\)LJ
 ? ?

8VLQJ;363HDNHDFK&s VSHFWUXPZDVILWWHGZLWKIRXUFRPSRQHQWV UHSUHVHQWLQJ
WKHPDLQERQGLQJHQYLURQPHQWVIRXQGLQJUDSKHQHR[LGH&&H9&2
 H9 & 2  H9 DQG & 22+  H9 )LWWHG SHDN DUHDV
ZHUHXVHGWRFDOFXODWH&2UDWLRV RIDQGIRU+/*2DQG&*2PHPEUDQHV
UHVSHFWLYHO\7KHFRUUHVSRQGLQJR[\JHQFRQWHQWRIIRU+/*2DQGIRU&*2
FOHDUO\ LQGLFDWHV WKDW WKH VL]H RI *2 IODNH GRHV QRW LQIOXHQFH WKHLU R[\JHQ FRQWHQW DQG LV
FRQVLVWHQWZLWKWKHSUHYLRXVUHSRUWVZKHUHWKHR[\JHQFRQWHQWLVIRXQGLQVHQVLWLYHWRWKH*2
IODNHVL]H

6XSSOHPHQWDU\)LJ_;UD\SKRWRHOHFWURQVSHFWURVFRS\RI&*2DQG+/*2PHPEUDQH
;36 VSHFWUD IURP D &*2 DQG E +/*2 PHPEUDQH VKRZLQJ UDZ GDWD EODFN OLQH WKH
ILWWLQJ HQYHORSH UHG OLQH DQG GHFRQYROYHG SHDNV EOXH OLQHV DWWULEXWHG WR WKH FKHPLFDO
HQYLURQPHQWVLQGLFDWHG:LWKUHVSHFWWR&VSHDN&&&2& 2DQG&22+SHDNVKDYH
DQ DUHD RI    DQG  UHVSHFWLYHO\ IRU &*2 PHPEUDQH DQG
DQGUHVSHFWLYHO\IRU+/*2PHPEUDQH
 'HDGHQGSUHVVXUHILOWUDWLRQ
,Q DGGLWLRQ WR WKH YDFXXP ILOWUDWLRQ +/*2 PHPEUDQHV ZHUH DOVR H[DPLQHG E\ SUHVVXUH
ILOWUDWLRQXVLQJDKRPHPDGHGHDGHQGVHWXSZLWKDSUHVVXUHXSWREDUVXSSOHPHQWDU\)LJ
LQVHW6XSSOHPHQWDU\)LJDVKRZVWKHPHWKDQROSHUPHDQFHDVDIXQFWLRQRISUHVVXUHIRU
DQGQPWKLFN+/*2PHPEUDQHV$VH[SHFWHGWKHSHUPHDQFHZDVIRXQGWRLQFUHDVH
OLQHDUO\ ZLWK WKH DSSOLHG SUHVVXUH  QP PHPEUDQHV ZHUH DOVR WHVWHG IRU G\H UHMHFWLRQ
PHWK\OHQH EOXH VLPLODU FRQGLWLRQV WR WKDW RI YDFXXP ILOWUDWLRQ DQG REWDLQHG !
UHMHFWLRQ 6XSSOHPHQWDU\ )LJ E VKRZV WKH ZDWHU DQG PHWKDQRO SHUPHDQFH DV D IXQFWLRQ
PHPEUDQH WKLFNQHVV 6LPLODU WR WKH FDVH RI YDFXXP ILOWUDWLRQ WKH RUJDQLF VROYHQWV¶
 ? ?

SHUPHDQFH GHFUHDVHG H[SRQHQWLDOO\ ZLWK WKH WKLFNQHVV ZKHUHDV IRU ZDWHU LW GHYLDWHV WKLV
EHKDYLRXU DERYH  QP )RU WKH WKLFNHU PHPEUDQHV !  QP ZH KDYH DOVR XVHG WKH
6WHUOLWHFK +3 VWLUUHG FHOO IRU WKH GHDGHQG ILOWUDWLRQ H[SHULPHQWV WKLQQHU PHPEUDQHV
ZHUHIRXQGHDV\WRJHWGDPDJHGLQWKLVFHOOGXULQJWKHVDPSOHPRXQWLQJDQGREWDLQHGVLPLODU
UHVXOWVWRWKDWIURPWKHKRPHPDGHSUHVVXUHFHOODQGWKHYDFXXPILOWUDWLRQ
:HKDYHDOVRVWXGLHGWKHLQIOXHQFHRIPHPEUDQHWKLFNQHVVRQWKHZDWHUSHUPHDQFHWKURXJK
&*2 PHPEUDQHV DQG IRXQG WKDW HYHQ WKRXJK WKH SHUPHDQFH LV ODUJHU WKDQ +/*2
PHPEUDQHV WKHLU WKLFNQHVV GHSHQGHQW SHUPHDQFH IROORZV WKH VDPH WUHQG DV LQ WKH +/*2
PHPEUDQHV 6XSSOHPHQWDU\ )LJ E LQVHW 1RWH WKDW GHVSLWH LWV KLJK SHUPHDQFH WKH G\H
PROHFXOH UHMHFWLRQ FKDUDFWHULVWLFV RI &*2 PHPEUDQH ZHUHPXFK LQIHULRU WR WKDW RI +/*2
PHPEUDQHV)LJDDQGFLQVHWLQPDLQWH[W
 
6XSSOHPHQWDU\ )LJ _ 3HUPHDWLRQ PHDVXUHG E\ GHDGHQG SUHVVXUH ILOWUDWLRQ D
3UHVVXUHGHSHQGHQFHRIPHWKDQROIOX[IRU+/*2PHPEUDQHZLWKDWKLFNQHVVRIDQG
QP'RWWHGOLQHVDUHEHVWOLQHDUILWV,QVHW6FKHPDWLFRIGHDGHQGSUHVVXUHILOWUDWLRQVHWXS7R
DYRLG VROYHQW OHDNDJH D IODW UXEEHU JDVNHW PDUNHG DV JUH\ LV SODFHG RQ WRS RI WKH *2
PHPEUDQH PDUNHG DV EURZQ ZKLFK LV WKHQ FODPSHG EHWZHHQ WZR JODVV IXQQHOVKDSHG
FRQWDLQHUV7KHXSSHUFRPSDUWPHQWPDUNHGDVEOXHLVILOOHGZLWKIHHGVROYHQWVROXWLRQDQG
WKHQFRQWUROODEO\SUHVVXULVHGZLWKFRPSUHVVHGDLU7KHSHUPHDWHVROYHQWVROXWLRQLVFROOHFWHG
DWWKHERWWRPFRPSDUWPHQWPDUNHGDVZKLWHDQGDQDO\VHGDVGHWDLOHGLQWKHPHWKRGVVHVVLRQ
LQ WKH PDLQ WH[W E 7KLFNQHVV GHSHQGHQFH RI SHUPHDQFH IRU PHWKDQRO DQG ZDWHU WKURXJK
+/*2 PHPEUDQHV ,QVHW 7KLFNQHVV GHSHQGHQFH RI ZDWHU SHUPHDQFH WKURXJK &*2
PHPEUDQHV


 ? ?

 2SWLFDODEVRUSWLRQPHDVXUHPHQWV

6XSSOHPHQWDU\ )LJ_ 2SWLFDO GHWHFWLRQ RI SHUPHDWH FRQFHQWUDWLRQ D $EVRUSWLRQ
VSHFWUD RI WKH IHHG DQG SHUPHDWH VROXWLRQ RI .>)H&1@ DQG 1D376  LQ ZDWHU FRORXU
FRGHG E $EVRUSWLRQ VSHFWUD RI WKH IHHG DQG SHUPHDWH VROXWLRQ RI FKU\VRLGLQH * &*
GLVSHUVH UHG '5 PHWK\OHQH EOXH 0% FU\VWDO YLROHW &9 EULOOLDQW EOXH %% DQG URVH
EHQJDO5%LQPHWKDQROFRORXUFRGHG7KHDEVRUSWLRQVSHFWUXPIURPDQHPSW\FRQWDLQHU
ZDVWDNHQDVDUHIHUHQFHVSHFWUXPRIDOOWKHPHDVXUHPHQWV
 2UJDQLFVROYHQWQDQRILOWUDWLRQ261SHUIRUPDQFHFRPSDULVRQ

6XSSOHPHQWDU\)LJ_&RPSDULVRQRI+/*2PHPEUDQHSHUIRUPDQFHZLWKRWKHU261
PHPEUDQHV3HUPHDQFHDVDIXQFWLRQRIUHMHFWLRQIRUVHYHUDOG\HPROHFXOHVWDNHQIURPWKH
OLWHUDWXUH LV SORWWHG WRJHWKHU ZLWK WKH GDWD REWDLQHG IURP WKH +/*2 PHPEUDQH +/*2
PHPEUDQHVSURYLGHG§UHMHFWLRQIRUDOOWKHWHVWHGG\HPROHFXOHV'RWWHGOLQHLQGLFDWHV
WKHW\SLFDOWUHQGIRXQGEHWZHHQWKHUHMHFWLRQDQGSHUPHDQFHRIUHSRUWHGYDOXHV$OOWKHGDWD
SRLQWVLQWKHJUHHQFRORXUHGUHJLRQVDUHREWDLQHGIURP5HI>@&*&KU\VRLGLQH*%%
%ULOOLDQW%OXH5%5RVH%HQJDO
 ? ?

7R IXUWKHU GHPRQVWUDWH WKH VXSHULRU 261 SHUIRUPDQFH RI +/*2 PHPEUDQHV ZH KDYH
FRPSDUHG WKHP ZLWK GLIIHUHQW SRO\PHULF PHPEUDQHV $V DQ H[DPSOH IUHTXHQWO\ XVHG G\H
PROHFXOHV VXFK DV &KU\VRLGLQH * &* %ULOOLDQW %OXH %% DQG 5RVH %HQJDO 5% LQ
PHWKDQROKDYHEHHQFKRVHQIRUWKHFRPSDULVRQ
6XSSOHPHQWDU\ )LJ  VKRZV D W\SLFDO WUHQG EHWZHHQ WKH PHWKDQRO SHUPHDQFH DQG WKH
PROHFXODUUHMHFWLRQYDOXHVUHSRUWHGIRUVHYHUDO261PHPEUDQHV&RPSDUHGZLWKWKHVWDWHRI
WKHDUWSRO\PHULFPHPEUDQHV+/*2PHPEUDQHVVKRZVPXFKKLJKHUSHUPHDQFHWRVROYHQWV
ZLWKDUHMHFWLRQRI! WRG\HPROHFXOHVLQFOXGLQJ&*ZKRVHPROHFXODUZHLJKWLVRQO\
JPRO$VDQH[DPSOHWKHKLJKHVWUHSRUWHGUHMHFWLRQIRU%%LQPHWKDQROLVZKHUHDV
WKH+/*2PHPEUDQHVH[KLELWDSHUPHDQFHRI/PKEDUWLPHVKLJKHUZLWKĬ
UHMHFWLRQ 7KH KLJK SHUPHDQFH DORQJ ZLWK § UHMHFWLRQ HYHQ IRU VPDOOHU PROHFXOHV
LQGLFDWHVWKHSURVSHFWRI+/*2PHPEUDQHVIRU261WHFKQRORJ\
 +/*2PHPEUDQHRQSRURXVQ\ORQVXSSRUW

6XSSOHPHQWDU\)LJ_8OWUDWKLQ+/*2PHPEUDQHRQQ\ORQVXSSRUWD6(0LPDJHRI
DQQP+/*2PHPEUDQHRQDQ\ORQVXSSRUW6FDOHEDUP,QVHW6(0LPDJHRIDEDUH
Q\ORQ VXSSRUW 6FDOH EDU  P E $PELHQW DLU ;5' VSHFWUXP IRU +/*2 PHPEUDQH RQ
Q\ORQ VXSSRUW 7KH SHDNV DW aR DQG R DUH IURP WKH Q\ORQ VXSSRUW F 3HUPHDQFH DQG
UHMHFWLRQRI0%LQPHWKDQROWKURXJK+/*2PHPEUDQHVZLWKGLIIHUHQWWKLFNQHVVHVRQQ\ORQ
VXSSRUW7KHGRWWHG OLQH LV WKHEHVW OLQHDU ILW3RLQWVZLWKLQ WKHJUH\EDU VKRZ WKH UHMHFWLRQ
HVWLPDWHGIURPWKHGHWHFWLRQOLPLW
,Q DGGLWLRQ WR WKH SRURXV DOXPLQD VXSSRUW ZKLFK LV EULWWOH ZH KDYH DOVR WHVWHG SRURXV
SRO\PHUDVDVXSSRUWPDWHULDO,WKDVEHHQUHSRUWHGWKDWGXHWRWKHURXJKQHVVDQGQRQXQLIRUP
PDFURVFRSLF SRUH GLVWULEXWLRQ RI SRO\PHU VXSSRUW WHQV RI QDQRPHWUH WKLQ *2 PHPEUDQH
VPDOO *2 IODNHV IDLOV WR PDLQWDLQ D JRRG ODPLQDU VWUXFWXUH +HUH ZH VKRZ WKDW *2
PHPEUDQH SUHSDUHG IURP ODUJH *2 IODNHV FRXOG IRUP D JRRG ODPLQDWH HYHQ WKRXJK WKH
PHPEUDQHLVXOWUDWKLQ6XSSOHPHQWDU\)LJDVKRZVWKH6(0LPDJHRIDEDUHQ\ORQVXSSRUW
DQGDQQP+/*2PHPEUDQHGHSRVLWHGQ\ORQVXSSRUW;UD\GLIIUDFWLRQ;5'VSHFWUXPRI
DQP+/*2PHPEUDQHRQQ\ORQVXEVWUDWHVKRZVDQDUURZSHDNZLWKDIXOOZLGWKDWKDOI
 ? ?

PD[LPXP ):+0 RI  GHJUHH VXSSOHPHQWDU\ )LJ E ZKLFK FRQILUPV WKH KLJKO\
ODPLQDWHG VWUXFWXUH VLPLODU WR WKDW RQ WKH DOXPLQD VXSSRUW7RHYDOXDWH WKHRUJDQLF VROYHQW
QDQRILOWUDWLRQ261ZHKDYHWHVWHGILOWUDWLRQRIPHWKDQROVROXWLRQVRI&*DQG0%WKURXJK
DQQPWKLQ+/*2PHPEUDQHRQQ\ORQVXSSRUW6LPLODUWRWKDWRIDOXPLQDVXSSRUW+/*2
PHPEUDQH RQ Q\ORQ VXSSRUW DOVR VKRZV D  UHMHFWLRQ WR &* DQG 0% ZLWK D VLPLODU
PHWKDQRO SHUPHDQFH WR WKDW RI DOXPLQD VXSSRUW VXSSOHPHQWDU\ )LJ F $OVR WKH
H[SRQHQWLDO GHFD\ RI WKH PHWKDQRO SHUPHDQFH VXSSOHPHQWDU\ )LJ F ZLWK LQFUHDVLQJ WKH
WKLFNQHVV RI +/*2 PHPEUDQH LV FRQVLVWHQW ZLWK WKDW RI WKH DOXPLQD VXSSRUWHG +/*2
PHPEUDQHV)LJELQPDLQWH[W
 6WDELOLW\RI+/*2PHPEUDQHV
7RVWXG\WKHVWDELOLW\RI+/*2PHPEUDQHLQDLUDQGVROYHQWVZHKDYHFRQGXFWHGWZRVHWVRI
H[SHULPHQWV )LUVW IRU SURELQJ DLU VWDELOLW\ ZH KDYH FRPSDUHG PHWKDQRO DQG ZDWHU
SHUPHDQFHRIIUHVKO\SUHSDUHGPHPEUDQHVZLWKDJHGPHPEUDQHVWZRVDPSOHVDJHGIRU
GD\V%RWKWKHPHPEUDQHVSURYLGHGVLPLODUSHUPHDQFHLQGLFDWLQJQRVLJQLILFDQWGHJUDGDWLRQ
RIWKHPHPEUDQHZLWKDJLQJ7KLVLVFRQVLVWHQWZLWKUHI>@ZKHUHRQO\aUHGXFWLRQLQ
R[\JHQFRQWHQWLVUHSRUWHGZLWK*2DJLQJIRUGD\V7KLVVPDOOFKDQJHLQR[\JHQFRQWHQW
LV QRW H[SHFWHG WR DIIHFW WKH PHPEUDQH SHUIRUPDQFH EHFDXVH WKH PROHFXODU SHUPHDWLRQ
PDLQO\RFFXUVWKURXJKWKHSULVWLQHJUDSKHQHFDSLOODULHVLQWKH*2PHPEUDQHDQGPRUHRYHU
LQ+/*2PHPEUDQHV SHUPHDWLRQRI VROYHQWVPDLQO\RFFXUV WKURXJK WKH UDQGRPSLQKROHV
DQGWKDWLVQRWDQWLFLSDWHGWRFKDQJHZLWKDJLQJ
6HFRQGO\IRUSURELQJWKHPHPEUDQHVWDELOLW\LQWKHVROYHQWHQYLURQPHQWZHKDYHSHUIRUPHG
ORQJ WLPHILOWUDWLRQH[SHULPHQWV1\ORQVXSSRUWHG+/*2PHPEUDQHVZLWK WKLFNQHVVHVRI
QPDQGQPZHUHH[DPLQHGXQGHUGHDGHQGILOWUDWLRQIRUZDWHUDQGRUJDQLFVROYHQWV$V
VKRZQ LQ VXSSOHPHQWDU\ )LJ  SHUPHDQFH RI WKH VROYHQWV DQG ZDWHU DUH VWDEOH ZLWKLQ WKH
WHVWLQJSHULRGZKLFKYDULHVIURPKRXUVWRGD\VVXJJHVWLQJWKDWWKH+/*2PHPEUDQHLV
LQWDFW DQG FDSDEOH RI ORQJWLPH ILOWUDWLRQ SURFHVV 7R IXUWKHU FKHFN WKH VROYHQW VWDELOLW\ RI
PHPEUDQHVZHKDYHLPPHUVHGQPWKLQ+/*2PHPEUDQHVRQQ\ORQLQZDWHUPHWKDQRO
DQGKH[DQHIRUGD\V1RWHWKDWWKHQPWKLFNVDPSOHVDUHFKRVHQEHFDXVHWKHPHPEUDQH
WKLQQHUWKDQWKDWJLYHVSRRUYLVXDOFRQWUDVWIRUDQDO\VLV$VVKRZQLQVXSSOHPHQWDU\)LJ
DOOWKHPHPEUDQHVZHUHIRXQGVWDEOHLQDOOWHVWHGVROYHQWVDQGZDWHU7RTXDQWLI\WKLVIXUWKHU
ZHKDYHPHDVXUHGPHWKDQROSHUPHDQFHEHIRUHDQGDIWHULPPHUVLQJWKHPHPEUDQHLQVROYHQWV
DQG FRXOG QRW ILQG DQ\ GHWHFWDEOH FKDQJH 7R GHPRQVWUDWH WKH VROYHQW VWDELOLW\ RI WKH
PHPEUDQH IXUWKHU ZH KDYH SHUIRUPHG DQRWKHU YLJRURXV WHVWLQJ 0HPEUDQHV LPPHUVHG LQ
VROYHQWV IRU  GD\V ZHUH IXUWKHU SODFHG LQ D JODVV EHDNHU FRQWDLQLQJ WKH VDPH VROYHQW DQG
EXEEOHG ZLWK QLWURJHQ JDV WR FKHFN LI WKH KDUVK G\QDPLF WXUEXOHQFH ZRXOG GHVWUR\ WKH
PHPEUDQH 0HPEUDQHV ZHUH IRXQG LQWDFW HYHQ LQ VXFK D KDUVK HQYLURQPHQW 7KLV LV
FRQVLVWHQW ZLWK RXU SUHYLRXV UHSRUW ZHUH PHPEUDQHV DOVR IRXQG VWDEOH XQGHU PLOG
VRQLFDWLRQ:HGRQRWLFH WKDW WKHUH LVDGHEDWHRQ WKHVWDELOLW\RI*2PHPEUDQH LQZDWHU
 ? ?

DQGWKHFXUUHQWO\SURSRVHGPHFKDQLVPRIVWDELOLW\ LVFURVVOLQNLQJRI*2IODNHVZLWKPHWDO
LRQVIURPWKHVXSSRUWVXEVWUDWH+RZHYHUZHEHOLHYHPDQ\RWKHUIDFWRUVFRXOGDOVROHDGWR
VWDELOLW\)RUH[DPSOHZHIRXQGWKDWFRPSOHWHGU\LQJRIWKHPHPEUDQHDIWHULWVIDEULFDWLRQLV
FULWLFDOIRUREWDLQLQJDVWDEOHPHPEUDQH

6XSSOHPHQWDU\ )LJ _ 6WDELOLW\ RI *2 PHPEUDQHV D 9DULDWLRQ RI ZDWHU DQG VROYHQW
LQVHW SHUPHDQFH WKURXJK +/*2 PHPEUDQHV DV D IXQFWLRQ RI PHDVXUHPHQW WLPH E
3KRWRJUDSKVVKRZLQJQPWKLQ+/*2DQG&*2PHPEUDQHVRQQ\ORQVXSSRUWLPPHUVHGLQ
ZDWHUDQGVROYHQWV IRUGD\DQGGD\V ,QHDFKH[SHULPHQWDEDUHQ\ORQVXEVWUDWHZKLWH
FRORUHGVXEVWUDWHLQWKHSKRWRZDVDOVRLPPHUVHGDVDUHIHUHQFHWRFKHFNYLVXDOFRQWUDVWRI
WKLQ*2PHPEUDQHVRQQ\ORQ6FDOHEDUPP
 9DSRXUDQG+HOLXPJDVSHUPHDWLRQWKURXJK+/*2PHPEUDQHV
%HVLGHVOLTXLGSHUPHDWLRQYDSRXUDQGJDVKHOLXPSHUPHDWLRQWKURXJK+/*2PHPEUDQHV
ZLWKGLIIHUHQWWKLFNQHVVHVhZHUHPHDVXUHGWRIXUWKHUYDOLGDWHWKHSURSRVHGPHFKDQLVPIRU
PROHFXODU WUDQVSRUW LQ *2 PHPEUDQHV 7KH YDSRXU SHUPHDWLRQ PHDVXUHPHQWV ZHUH
SHUIRUPHGDVZHUHSRUWHGSUHYLRXVO\0HPEUDQHVZHUHJOXHGWRD&XIRLOZLWKDQRSHQLQJ
 ? ?

RIFPLQGLDPHWHU7KHIRLOZDVWKHQFODPSHGEHWZHHQWZRUXEEHU2ULQJVVHDOLQJDPHWDO
FRQWDLQHU3HUPHDWLRQZDVPHDVXUHGE\PRQLWRULQJ WKHZHLJKW ORVV IRU§KRXUVRI WKH
FRQWDLQHU WKDW ZDV ILOOHG ZLWK ZDWHU DQG LVRSURS\O DOFRKRO ,3$ LQVLGH D JORYHER[
6XSSOHPHQWDU\ )LJ D VKRZV WKH ZHLJKW ORVV UDWH IRU ZDWHU DQG ,3$ WKURXJK +/*2
PHPEUDQHV ZLWK GLIIHUHQW WKLFNQHVVHV :HLJKW ORVV UDWH IRU ,3$ ZDV IRXQG WR GHFD\
H[SRQHQWLDOO\ ZLWK LQFUHDVLQJ PHPEUDQH WKLFNQHVV LQGLFDWLQJ H[SRQHQWLDOO\ GHFD\LQJ
SHUPHDQFH FRQVLVWHQW ZLWK WKH PHFKDQLVP SURSRVHG SHUPHDWLRQ WKURXJK SLQKROHV LQ WKH
PDLQ WH[W +RZHYHU IRU ZDWHU ZH REVHUYHG D WKLFNQHVV LQGHSHQGHQW ZHLJKW ORVV UDWH
FRQVLVWHQW ZLWK WKH SUHYLRXV UHSRUW ,Q WKLV FDVH XQOLNH OLTXLG SHUPHDWLRQ UHSRUWHG LQ WKH
PDLQWH[WZDWHUYDSRXUSHUPHDWLRQLVOLPLWHGE\WKHHYDSRUDWLRQIURPWKHWRSVXUIDFHRI*2
PHPEUDQHVDQGKHQFHPDVNVWKHWKLFNQHVVGHSHQGHQFH

6XSSOHPHQWDU\ )LJ _ 9DSRXU DQG JDV SHUPHDWLRQ WKURXJK +/*2 PHPEUDQHV D
:HLJKW ORVV UDWH IRU D FRQWDLQHU VHDOHG ZLWK +/*2 PHPEUDQHV ZLWK GLIIHUHQW WKLFNQHVVHV
DSHUWXUHGLDPHWHU§FP:HLJKWORVVIRU,3$DQGZDWHUZHUHWHVWHGDWURRPWHPSHUDWXUH
DQG ]HUR KXPLGLW\ E 7KLFNQHVV GHSHQGHQFH RI KHOLXP SHUPHDQFH WKURXJK +/*2
PHPEUDQH'RWWHGOLQHVDUHWKHEHVWILWVWRWKHH[SRQHQWLDOGHFUHDVH,QVHW6FKHPDWLFVRIRXU
H[SHULPHQWDOVHWXSIRUKHOLXPSHUPHDWLRQPHDVXUHPHQW 
)RUWKHKHOLXP+HJDVSHUPHDWLRQH[SHULPHQWV+/*2PHPEUDQHVDWWDFKHGWRWKH&XIRLO
ZHUHSODFHGEHWZHHQWZRUXEEHU2ULQJVLQDFXVWRPPDGHSHUPHDWLRQFHOODQGSUHVVXULVHG
IURP RQH VLGH XS WR  P%DU +H JDV SHUPHDWLRQ WKURXJK WKH +/*2 PHPEUDQH ZDV
PRQLWRUHGRQWKHRSSRVLWHYDFXXPVLGHE\XVLQJPDVVVSHFWURPHWU\VXSSOHPHQWDU\)LJE
LQVHW:HXVHG+LGHQTXDGUXSROHUHVLGXDOJDVDQDO\VHUIRUPHDVXULQJWKHSDUWLDOSUHVVXUHRI
+HJDVLQWKHYDFXXPVLGH$VWDQGDUGFDOLEUDWHGOHDN2SHQVW\OH&DO0DVWHU/HDN6WDQGDUG
/$&2 WHFKQRORJLHV LV XWLOLVHG WR FRQYHUW WKH SDUWLDO SUHVVXUH WR WKH OHDN UDWH
 ? ?

6XSSOHPHQWDU\)LJEVKRZVWKH+HSHUPHDQFHWKURXJK+/*2PHPEUDQHDVDIXQFWLRQRI
PHPEUDQH WKLFNQHVV 6LPLODU WR WKH RUJDQLF VROYHQW DQG YDSRXU SHUPHDWLRQ )LJ E DQG
VXSSOHPHQWDU\)LJD+HJDVDOVRIROORZVH[SRQHQWLDOGHFD\LQGLFDWLQJWKHSDWKZD\IRUWKH
JDV SHUPHDWLRQ LV GRPLQDWHG E\ WKH SLQKROHV 7KH REVHUYHG H[SRQHQWLDO GHFD\ RI +H
SHUPHDQFH ZLWK LQFUHDVLQJ WKLFNQHVV LV FRQVLVWHQW ZLWK WKH HDUOLHU VWXG\ RQ  +H DQG +
SHUPHDQFHWKURXJKXOWUDWKLQ*2PHPEUDQHVEXWWKHPHFKDQLVPRIH[SRQHQWLDOGHSHQGHQFH
ZDVQRWHOXFLGDWHG7KHSURSRVHGPHFKDQLVPLQWKLVVWXG\PDLQWH[WFODULILHVWKLVDPELJXLW\
 3LQKROHVLQXOWUDWKLQ+/*2PHPEUDQHV

6XSSOHPHQWDU\ )LJ _ 3LQKROHV LQ *2 PHPEUDQH D 6FKHPDWLF VKRZLQJ FRQWLQXRXV
LQWHUFRQQHFWHG*2SODQHIRUPHGE\WKHUDQGRPRYHUODSRI*2IODNHVE6(0LPDJHIURP
RQHRIRXU+/*2PHPEUDQHZLWKDWKLFNQHVVRI§QPWUDQVIHUUHGWR,72FRDWHGJODVVVOLGH
VKRZLQJWKHSUHVHQFHRISLQKROHVODUJHSLQKROHVDUHFLUFOHGLQWKHPHPEUDQH6FDOHEDU
P7KHPHPEUDQHZDVWUDQVIHUUHGWR,72VXEVWUDWHE\IORDWLQJWKHDOXPLQDVXSSRUWHG*2
PHPEUDQH LQZDWHUDQGVXEVHTXHQWO\ ILVKLQJRXW WKH*2PHPEUDQHRQWRDQ ,72VXEVWUDWH
,72VXEVWUDWHZDVXVHGWRDYRLGWKHFKDUJLQJHIIHFWGXULQJ6(0LPDJLQJ
'XULQJ WKH VHOIDVVHPEO\ RI *2 PHPEUDQH WKH IODNHV UDQGRPO\ RYHUODS DQG SURYLGH D
FRQWLQXRXVLQWHUFRQQHFWHGSODQHWKDWFRQWDLQVDODUJHQXPEHURIKROHV6XSSOHPHQWDU\)LJ
7KHVHKROHVEHWZHHQGLIIHUHQWIODNHVDUHUHIHUUHGDVSLQKROHV2XU6(0DQDO\VLVVKRZVWKDW
IRU §  QP PHPEUDQHV WKH VL]H RI WKHVH SLQKROHV LV RI WKH RUGHU RI WKH IODNH VL]H :LWK
LQFUHDVLQJQXPEHUVRI OD\HUVRI*2 WKHQHZO\DGGHGOD\HUVEORFNWKHVHSLQKROHVDQGIRUP
IXOO\FRYHUHG*2PHPEUDQHV2XU VLHYLQJH[SHULPHQWV )LJ FRQILUP WKDW WKHPLQLPXP
WKLFNQHVVUHTXLUHGIRUWKHIXOO\FRQWLQXRXV*2PHPEUDQHLVaQP
 ,QIOXHQFHRIVROYHQWSDUDPHWHUVRQWKHLUSHUPHDQFH
7R SUREH RWKHU SRVVLEOH PHFKDQLVPV HJ 6ROXWLRQGLIIXVLRQ PRGHO IRU WKH IDVWHU ZDWHU
WUDQVSRUW WKURXJK WKLFN*2PHPEUDQHVZHKDYHFKHFNHG WKHFRUUHODWLRQEHWZHHQGLIIHUHQW
VROYHQW SDUDPHWHUV VXFK DV UHODWLYH SRODULW\ NLQHWLF GLDPHWHU DQG WRWDO +DQVHQ VROXELOLW\
 ? ?

SDUDPHWHU  RQ WKH SHUPHDQFH WKURXJK WKH +/*2 PHPEUDQHV 6XSSOHPHQWDU\ 7DEOH 
VKRZV WKHGLIIHUHQWSDUDPHWHUV IRU WKHVROYHQWVXVHG LQRXUH[SHULPHQWV7RXQGHUVWDQG WKH
LQIOXHQFH RI WKH DERYH SDUDPHWHUV RQ WKH SHUPHDQFH ZH KDYH SORWWHG WKH SURGXFW RI
SHUPHDQFH DQG YLVFRVLW\ DV D IXQFWLRQ RI WKH VROYHQW SDUDPHWHUV $V DQ H[DPSOH
VXSSOHPHQWDU\ )LJ  VKRZV +DQVHQ VROXELOLW\ SDUDPHWHU YV SURGXFW RI YLVFRVLW\ DQG
SHUPHDQFHIRUQPDQGQPWKLFN+/*2PHPEUDQHV'HVSLWHDVPDOOYDULDWLRQZLWKLQ
WKH JUH\ DUHD LQ VXSSOHPHQWDU\ )LJ  LW LV FOHDU IURP WKH ILJXUH WKDW WKH SHUPHDQFH
EHKDYLRXU IRUQP+/*2PHPEUDQH LVYHU\FORVH WRZKDWFDQEHH[SHFWHG IRUSRUH IORZ
PRGHO LH SURGXFWRI YLVFRVLW\ DQGSHUPHDQFH LV D FRQVWDQW LQGHSHQGHQWRI WKH VROYHQWV
XVHG2QWKHRWKHUKDQGIRUQPWKLFNPHPEUDQHVH[FHSWZDWHUIRUDOORWKHUVROYHQWVWKH
SURGXFWRISHUPHDQFHDQGYLVFRVLW\LVQHDUO\DFRQVWDQW+RZHYHUZDWHUGHYLDWHVIURPWKLV
WUHQGDQGSHUPHDWHVIDVWHU$VLPLODUEHKDYLRXUFDQDOVREHREWDLQHGE\SORWWLQJSURGXFWRI
YLVFRVLW\DQGSHUPHDQFHDVDIXQFWLRQRWKHUVROYHQWSDUDPHWHUV7KHXQLTXHIDVWSHUPHDWLRQ
RI ZDWHU WKURXJK *2 PHPEUDQHV LV DWWULEXWHG WR WKH HQKDQFHG IORZ RI ZDWHU WKURXJK
JUDSKHQH FDSLOODULHV LQ WKH *2 PHPEUDQHV %\ LQFUHDVLQJ WKH *2 PHPEUDQH WKLFNQHVV
IXUWKHUZHRQO\REWDLQHGZDWHUIOX[DQGDOOWKHRUJDQLFVROYHQWIOX[ZHUHEHORZRXUGHWHFWLRQ
OLPLW  7KH DEVHQFHV RI FRUUHODWLRQ EHWZHHQ VROYHQW SDUDPHWHUV DQG SHUPHDQFH RI +/*2
PHPEUDQHVHVSHFLDOO\IRU WKHWKLFNHUPHPEUDQHV!QPIXUWKHUVXSSRUWWKHYDOLGLW\RI
SRUHIORZPRGHOIRUPDVVWUDQVSRUWLQ*2PHPEUDQHVDQGUXOHVRXWRWKHUPHFKDQLVPVVXFK
DVVROXWLRQGLIIXVLRQPRGHO
6XSSOHPHQWDU\7DEOH_6ROYHQWSDUDPHWHUV9LVFRVLW\UHODWLYHSRODULW\NLQHWLFGLDPHWHU
DQGWRWDO+DQVHQVROXELOLW\SDUDPHWHURIWKHVROYHQWVXVHGLQWKLVVWXG\

6ROYHQWV 9LVFRVLW\
 5HODWLYHSRODULW\
.LQHWLF
GLDPHWHU
7RWDO+DQVHQ
VROXELOLW\
SDUDPHWHU
P3DV  QP 03D
KH[DQH    
DFHWRQH    
DFWRQLWULOH    
WHWUDK\GURIXQDQ    
PHWKDQRO    
EXW\ODFHWDWH    
ZDWHU    
HWKDQRO    
LVRSURSRQDO    
EXWDQRO    

 ? ?


6XSSOHPHQWDU\ )LJ _ 3URELQJ LQIOXHQFH RI VROXELOLW\ SDUDPHWHU RI VROYHQWV RQ
SHUPHDWLRQ3URGXFWRISHUPHDQFHDQGYLVFRVLW\RIVROYHQWVDVDIXQFWLRQRIWKHWRWDO+DQVHQ
VROXELOLW\SDUDPHWHUIRUQPDQGQPWKLFN+/*2PHPEUDQHFRORXUFRGHG9DULDWLRQV
EHWZHHQ WKHSRLQWV LQ WKHJUH\FRORXUPDUNHG UHJLRQDUHPLQRUDQGZLWKLQ WKHDFFXUDF\RI
PHDVXUHPHQWV $OO WKH HUURU EDUV DUH VWDQGDUG GHYLDWLRQV XVLQJ DW OHDVW WKUHH GLIIHUHQW
PHDVXUHPHQWVXVLQJGLIIHUHQWVDPSOHV

0JFURVVOLQNHGSDUWLDOO\UHGXFHG*2PHPEUDQHIRU261

6XSSOHPHQWDU\ )LJ _ 0J FURVVOLQNHG *2 PHPEUDQHV D ;UD\ GLIIUDFWLRQ IRU
SULVWLQH *2 0J FURVVOLQNHG *2 *20J DQG SDUWLDOO\ UHGXFHG 0J FURVVOLQNHG *2
U*20JPHPEUDQHV7KHWKLFNQHVVRIPHPEUDQHV§QPE6FKHPDWLFVKRZLQJWKH
VWUXFWXUHRIWKH*20JPHPEUDQH7KHGRWWHGOLQHLQGLFDWHV WKHSHUPHDWLRQSDWKZD\DQG
EOXHFLUFOHVLQGLFDWH0JLRQV
0XOWLYDOHQWFDWLRQVKDYHSUHYLRXVO\EHHQXVHGWRFURVVOLQNWKH*2VKHHWVE\DWWDFKLQJWKHP
WRWKHR[LGLVHGUHJLRQVWRLPSURYHWKHPHFKDQLFDOVWUHQJWKDQGWRFRQWUROWKHLRQSHUPHDWLRQ
WKURXJK WKH *2 PHPEUDQHV +HUH ZH SURSRVH WKH VDPH FURVVOLQNLQJ WHFKQLTXH WR
HQKDQFH WKH VROYHQW SHUPHDQFH WKURXJK WKH *2 PHPEUDQHV EHFDXVH WKH LQWHUOD\HU FDWLRQV
 ? ?

FRXOG DFW DV UDQGRPO\ GLVWULEXWHG H[WHUQDO VSDFHUV WR LQWURGXFH GLVRUGHU LQ WKH ODPLQDU
VWUXFWXUH VXSSOHPHQWDU\ )LJ  DQG KHQFH LQFUHDVH WKH SHUPHDQFH :H FKRVH 0J IRU
FURVVOLQNLQJ GXH WR LWV ODUJH K\GUDWHG GLDPHWHU ZKLFK LV FRPSDUDEOH WR WKH LQWHUOD\HU
VSDFLQJLQ*2PHPEUDQH
*2FURVVOLQNLQJZLWK0JZDVFDUULHGRXWE\WKHGURSE\GURSDGGLWLRQRIP/RIJ/
0J&OLQWRP/*2VXVSHQVLRQZWXQGHUYLJRURXVPDJQHWLFVWLUULQJIROORZHGE\
DW OHDVW RQH GD\ RI VRQLFDWLRQ $IWHU WKH VRQLFDWLRQ WKH VXVSHQVLRQV ZHUH VWDEOH XS WR RQH
KRXUDYHUDJHIODNHVL]H§QPZLWKRXWDQ\VWLUULQJEXWLWVWDUWVDJJORPHUDWLQJDIWHUWKDW
7KLVFRXOGEHGXHWRWKHQHXWUDOLVDWLRQRIWKHQHJDWLYHVXUIDFHFKDUJHVRI*2ZLWKWKHFDWLRQV
7R DYRLG WKH DJJORPHUDWLRQ ZH VWRUHG WKH VXVSHQVLRQ XQGHU YLJRURXV VWLUULQJ 0J
FURVVOLQNHG*2PHPEUDQHV*20JZHUHWKHQSUHSDUHGE\WKHYDFXXPILOWUDWLRQRIWKHVH
VXVSHQVLRQVWKURXJKDQ$QRGLVFDOXPLQDPHPEUDQHQPSRUHVL]H 7KHLQFRUSRUDWLRQRI
0JLQWKH*2PHPEUDQHVZDVFRQILUPHGE\;5'DQDO\VLVZKHUHDEURDGHU*2SHDNZDV
IRXQG VXSSOHPHQWDU\ )LJ D $Q LQFUHDVH RI ):+0 IURP  GHJUHH WR  GHJUHH
LQGLFDWHV D SRRU LQWHUOD\HU DOLJQPHQW LQ *20J VXSSOHPHQWDU\ )LJ E FRPSDUHG WR
SULVWLQH*2DQGVXJJHVWV WKHSURVSHFWRIREWDLQLQJKLJKHUSHUPHDQFH7KHRUJDQLFVROYHQWV
SHUPHDQFHDQGRUJDQLFVROYHQWQDQRILOWUDWLRQ261WKURXJK*20JPHPEUDQHVQP
WKLFN ZHUH PHDVXUHG E\ YDFXXP ILOWUDWLRQ WHFKQLTXH DV GHWDLOHG LQ WKH PDLQ WH[W
6XSSOHPHQWDU\)LJVKRZVWKHSXUHVROYHQWSHUPHDQFHDQGG\HUHMHFWLRQSURSHUWLHVRI*2
0JPHPEUDQHV&RPSDULQJWRWKHSHUIRUPDQFHRIWKH&*2PHPEUDQHVHYHQWKRXJK*2
0JPHPEUDQHVDUHWKLFNHU WKH\VKRZQHDUO\RQHRUGHURIPDJQLWXGHKLJKHUSHUPHDQFHWR
PHWKDQROEXWZLWKVDPHG\HUHMHFWLRQ0%UHMHFWLRQIRUQP&*2DQGQP*2
0J PHPEUDQH VXSSOHPHQWDU\ )LJ E DQG )LJ F LQVHW 7KH HQKDQFHG SHUPHDQFH
WKURXJK*20JPHPEUDQHVVXJJHVWVWKDWWKHDGGLWLRQRI0JLQFUHDVHVWKHGLVRUGHULQWKH
ODPLQDUVWUXFWXUHDVVKRZQLQVXSSOHPHQWDU\)LJE
7RIXUWKHULPSURYHWKHG\HUHMHFWLRQSHUIRUPDQFHRIWKH*20JPHPEUDQHVZHSDUWLDOO\
UHGXFHGWKHPLQK\GURLRGLFDFLGYDSRXUIRUPLQDWURRPWHPSHUDWXUH7KHSDUWLDOO\UHGXFHG
*20J PHPEUDQHV U*20J PHPEUDQHV VKRZ D EURDG ;5' SHDN DW § R
VXSSOHPHQWDU\ )LJ D VXJJHVWLQJ WKH FROODSVH RI WKH LQWHUOD\HU FKDQQHOV +RZHYHU LQ
FRPSDULVRQWRWKHIXOO\UHGXFHG*2PHPEUDQHVSHDNDW§RZLWK):+0RIGHJUHH
ZKHUH LW EORFNV WKH SHUPHDWLRQ RI DOO JDVHV DQG VROYHQWV WKH ODUJHU ):+0 RI  GHJUHH
FRQILUPVODUJHUGLVRUGHULQWKHODPLQDUVWUXFWXUHZKLFKFRXOGDOORZWKHPROHFXODUSHUPHDWLRQ
2XU ILOWUDWLRQ H[SHULPHQWV IXUWKHU VXSSRUW WKLV$IWHU WKHSDUWLDO UHGXFWLRQ HYHQ WKRXJK WKH
SHUPHDQFHRIDOO WKHVROYHQWVGHFUHDVHGE\DIDFWRURI§VXSSOHPHQWDU\)LJD LW LV
VWLOOKLJKHUWKDQHYHQWKHSHUPHDQFHIRUDQQPWKLFN+/*2PHPEUDQHV%HVLGHV
WKH U*20J PHPEUDQHV H[KLELWHG  UHMHFWLRQV WR WKH RUJDQLF G\H PROHFXOHV ZLWK
PROHFXODU ZHLJKWV UDQJLQJ IURP  JPRO WR  JPRO VXSSOHPHQWDU\ )LJ E :H
 ? ?

H[SODLQ WKH UHODWLYHO\ ORZHU SHUPHDQFH DQG KLJK UHMHFWLRQ RI G\H PROHFXOHV IRU U*20J
PHPEUDQHVFRPSDUHGWR*20JPHPEUDQHVE\WKHFORVHSDFNLQJRIWKHLQWHUOD\HUDIWHU
WKH UHGXFWLRQZKLFK FRXOGPDNH WKHGLVRUGHUHG LQWHUOD\HU FKDQQHOVQDUURZHU(YHQ WKRXJK
IXUWKHULPSURYHPHQWLQPHPEUDQHSHUIRUPDQFHFRXOGEHDFKLHYHGZLWKEHWWHURSWLPLVDWLRQV
LQ WKH PHPEUDQH FURVVOLQNLQJ SURFHVV RXU ILQGLQJV VKRZ WKH SRWHQWLDO RI FURVVOLQNHG *2
PHPEUDQHIRURUJDQLFVROYHQWQDQRILOWUDWLRQDSSOLFDWLRQV

6XSSOHPHQWDU\ )LJ _ 3HUPHDWLRQ WKURXJK  QP WKLFN 0JFURVVOLQNHG *2
PHPEUDQHV D 3HUPHDQFH RI YDULRXV RUJDQLF VROYHQWV WKURXJK *20J DQG U*20J
PHPEUDQH DV D IXQFWLRQ RI WKHLU LQYHUVH YLVFRVLW\ 7KH XVHG VROYHQWV DUH QXPEHUHG DQG
QDPHG RQ WKH WRS OHIW 'RWWHG OLQHV DUH WKH EHVW OLQHDU ILW E 5HMHFWLRQ RI VHYHUDO G\HV LQ
PHWKDQROYHUVXV WKHLUPROHFXODUZHLJKW7KHG\HVXVHG&*0%&9 DQG5% ,QVHW7KH
FRUUHVSRQGLQJSHUPHDQFHRIPHWKDQRO
6XSSRUWLQJ5HIHUHQFHV
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